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INTRODUCTION 


Previous studies (2)? have shown that when raspberry plants are 
infected by the virus of leaf curl or when sugar beet plants are infected 
by the virus of curly top, virus movement takes place in the phloem 
of the invaded plants. There is also strong evidence that these two 
viruses are closely limited to the phloem of their respective host 
plants and that their movement through the plants is correlated with 
the translocation of organic food materials. The weight of evidence 
indicates further that the phloem network of the plant is the avenue 
through which rapid invasion is accomplished by all viruses that 
are able to produce systemic infection. Whether the correlation 
between virus movement and food translocation shown with the two 
viruses already mentioned exists with other viruses, especially with 
viruses such as that of tobacco mosaic, which is not limited to the 
phloem, has not been determined definitely. Conflicting conclusions 
have been reached from the evidence that has been obtained thus far. 

Holmes (10) presented evidence that seems clearly to indicate a 
relationship between the translocation of carbohydrates and the 
movement of the virus of ordinary tobacco mosaic in tobacco. Samuel 
(17) found an apparent correlation between food translocation and 
movement of the virus of tobacco mosaic in tomato. Caldwell 
(5, 6), however, working with the viruses of aucuba and tobacco 
mosaic in tomato and tobacco, found no correlation between virus 
movement and food transport. He reached the conclusion that the 
viruses moved independently of food materials and that under certain 
conditions virus movement was apparently in directions opposite to 
that of the metabolites. Grainger (9) reached conclusions similar to 
those of Caldwell and suggested that in his experiments the virus of 
tobacco mosaic moved equally in all directions in which channels 
rendered it free to move. He considered that the virus spread through 
the plant from the point of introduction at a logarithmic rate. 

Conflicting conclusions regarding the movement of different viruses 
led Raber in his review of a book by Curtis (8) to suggest that there is 
no uniformity in the way in which viruses move through the plant, 
each virus perhaps exhibiting a specific behavior in this respect. 

Invasion of plants by viruses is of general interest in the field of 
plant pathology, and because of the potential significance of plant 
viruses as indicators of food translocation, virus movement is of 


1 Received for publication June 20, 1939. _ d 
2 Italic numbers in parentheses refer to Literature Cited, p. 389. 
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particular interest in relation to the general subject of translocation 
of organic materials in plants. This paper reports the results of 
experiments on the movement of the virus of tobacco mosaic (tobacco 
virus 1, Johnson)* in Nicotiana tabacum L. and N. glauca Graham 
under conditions similar to those under which the movement of the 
virus of curly top of sugar beet was studied. (4). 


ACROPETAL AND BASIPETAL MOVEMENT IN STEMS 


The early work of Allard (1) showed that the passage of tobacco 
mosaic virus from the point of inoculation near the leaf apex of young 
tobacco plants to the stem required at least 3 days. Most of the 
published information on the movement of the virus of tobacco mosaic 
has been derived from the study of movement in tobacco and tomato 
plants growing in a normal upright position under more or less nor- 
mal conditions for photosynthetic activity and food transport. In 
experiments with tobacco, Holmes (1/0) showed that when the virus 
was introduced into a leaf its movement was very slow until it entered 
a vein, after which movement was more rapid and was chiefly in the 
direction of the stem. After the virus passed out of the inoculated 
leaf the entire stem was invaded in a relatively short time. 

Caldwell (5) found that when the virus of tobacco mosaic passed 
out of an inoculated leaf of a tobacco plant it moved first in the 
direction of the top. However, Samuel (1/7) found that when the 
virus moved into the stem of a tobacco or tomato plant it usually 
moved first in the direction of the root. 

Results of numerous tests conducted during the course of the work 
reported in this paper show that when the virus of tobacco mosaic 
was introduced into a leaf at the top of a Turkish tobacco plant it 
moved into the root system within a few days. When the virus was 
introduced into a leaf near the middle of a stem of a relatively large 
plant, it moved into the top and the root portions within a period 
which usually did not exceed 4 to 8 days. 

In view of the evidence available, it seems certain that under nor- 
mal conditions both acropetal and basipetal movements of virus occur 
in the stems of tobacco and tomato plants within a relatively short 
time after virus introduction. It should be emphasized, however, 
that it has not been proved that movements in the two directions 
occur simultaneously. 

It seems probable that when virus enters a stem the direction of 
its movement may depend upon factors operating in the stem at the 
time of entry and hence movement may be in either direction, de- 
pending on internal conditions in the plant at the time of entry. If 
virus movement is correlated with food transport, the directional 
movements that have been observed in the stems of tobacco may 
readily be explained by assuming that in the normal plant there is a 
diurnal directional reversal of flow of organic materials in these 
plants. The virus then would move either acropetally or basipetally, 
depending on the direction of food flow at the time the virus entered 
the stem, but it might be carried into the two extremes of the plant 
in the course of 24 hours. 


§ The virus used in these experiments was obtained from Dr. William N. Takahashi, University of Cali- 
fornia, who had previously obtained it from Dr. James Johnson, University of Wisconsin. 
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In plants in which frequent reversals of food flow and virus move- 
ment occur, a determination of a possible correlation between move- 
ment of the two types of materials would be difficult. However, if 
a plant could be manipulated in such a way as to insure continuous 
unidirectional flow of food materials in one of its parts a study of the 
movement of virus in such a plant would be of interest. With this 
object in view, the following experiments were made. 


EXPERIMENTS WITH NICOTIANA TABACUM 


Potted plants of Nicotiana tabacum, Turkish variety, about 24 
inches tall, were bent so that their stems were in a horizontal posi- 
tion. This resulted in the production of a number of suckers at the 
base of each stem. One sucker near the base of each plant was re- 
tained and the others were removed when small. By this method 
it was hoped to produce a plant with two growing points, in which 
the basal shoot, being in an upright position and more advantageously 
located for growth, would tend to drain the root system of food re- 
serves and prevent outward movement of food materials in the 
horizontal main:stem. Growth of the basal suckers was more rapid 
in most plants than that of the horizontal stems, suggesting that the 
basal shoots were deriving a part of their carbohydrate supply from 
the rest of the plant, at least in the earlier stages of their development. 

When the basal suckers were about 2 inches tall the plants were 
divided into two lots. The plants of the first lot were inoculated on 
the small leaves at the top of the main stems and the plants of the 
second lot were inoculated on the basal suckers. The plants were 
allowed to develop without further treatment, and the time of appear- 
ance of symptoms on the two growing points of each plant was noted. 

The movement of the virus in a basipetal direction in the main 
stem was relatively fast, as shown in the results presented in table 1. 
The entire length of the stem (more than 24 inches) was traversed, 
and symptoms were produced on the basal sucker in an average period 
of 6.8 days. This period was only 2 days longer than that required 
for the production of symptoms on the basal shoots inoculated directly. 
It may be assumed, therefore, that in this experiment the virus moved 
basipetally at a rate of approximately 24 inches in 48 hours. 


TABLE 1.—Acropetal and bhasipetal movement of virus in Nicotiana tabacum and 
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' 7 of the 10 plants included in this average showed no symptoms on the top graft when the experiment 
was discontinued 224 to 252 days after the plants were inoculated. 
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Movement from the inoculated basal suckers acropetally in the 
main stem was relatively very slow. An average period of 35.5 days 
was required for the appearance of symptoms in any of the parts 
of these shoots. During this period the plants had blossomed and 
produced seed pods that were well advanced toward maturity at the 
time symptoms were evident. 


EXPERIMENTS WITH NICOTIANA GLAUCA 


Plants of Nicotiana glauca have generally been considered to be able 
to harbor the virus of tobacco mosaic without manifesting distinct 
mottling. None of the plants used in these experiments has shown 
mottling that appeared to be due to the presence of the virus of tobacco 
mosaic. Since symptoms cannot be relied upon to indicate infection, 
all experiments on the movement of the virus in this species were 
conducted with plants in which grafts of Turkish tobacco were 
placed at the points of inoculation and at the points where it was 
desired to detect the presence of the virus through expression of 
symptoms. 

Large plants with a single stem were selected for the tests. The 
stems were cut to a height of 3 feet. Three-inch pieces of stem from 
healthy Turkish tobacco plants were grafted into the top and base 
of each plant. The stems were then bent sufficiently to prevent con- 
tact between the shoots subsequently produced from the two grafts. 
When the new shoots from the grafts were 3 to 6 inches long the plants 
were divided into 2 lots of 10 plants each. Virus was introduced into 
the basal grafts of 1 lot and into the top grafts of the other. A record 
of the time of appearance of symptoms on the grafts of each plant 
was kept. 

Table 1 also shows that the basipetal movement from inoculated 
grafts through the stem of Nicotiana glauca was comparable to that in 
previous experiments with Turkish tobacco. In the plants in which 
this movement occurred, symptoms appeared on the basal graft in 
an average time of 8.4 days, 3.2 days later than they appeared on 
the inoculated grafts of the same plants, and 3 days later than symp- 
toms appeared on directly inoculated basal grafts. If it is considered 
that this interval represents the time for the virus to move through the 
N. glauca stem from one graft to the other, the rate of movement was 36 
inches in about 72 to 77 hours, or about one-half inch per hour. 

As in similar experiments with Turkish tobacco (4), the acropetal 
movement was much delayed. The minimum time for the appearance 
of symptoms on a top graft, in the plants inoculated on the basal 
graft, was 32 days. In 7 of the 10 plants tested, no symptoms were 
evident on the top graft in periods ranging from 224 to 252 days. 

When the experiment was discontinued, the stems of the seven 
plants that had produced no symptoms of mosaic on the top graft 
were severed one-half inch above the point of contact with the basal 
graft. To determine how far the virus had moved acropetally in the 
time interval allowed for movement, the stems were cut into 6-inch 
segments and juice was pressed from each segment and used to inocu- 
late healthy Turkish tobacco plants. A record of the results of the 
tests from each of these segments is shown in table 2. It is evident 
from these results that the virus moved toward the top in each of the 
plants, but the shortness of the distance through which the virus 
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was able to travel is very striking, especially in those plants in which 
it was unable to move past the first 6 inches of stem. It is evident 
that under these conditions movement counter to the direction of 
predominant food flow was difficult. 


TABLE 2.—Movement of virus from basal grafts of Turkish tobacco upward through 
stems of plants of Nicotiana glauca 














Period from | Presence or absence of virus in indicated 6-inch segment of stem 
inoculation | counting from base to top ! 
Plant No. of basal graft | ; 
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stem First | Second | Third Fourth Fifth | Sixth | Seventh? 
| | | | | a 
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1 Pius and minus signs indicate virus present or absent, respectively. 
2 6-inch segment of stem from Turkish tobacco graft at top of plant. 


MOVEMENT OUT OF ROOTS 


The slow movement of virus acropetally from inoculated basal 
suckers in Turkish tobacco raised the question whether or not virus 
would move from the root system in plants under normal conditions 
of growth. Mulvania (15) found that when roots of potted plants 
were inoculated with the virus of tobacco mosaic no symptoms devel- 
oped in the tops during the period of observation. Johnson (//) 
obtained similar results with potted plants. Lehman (12), in field 
tests, found that only a very small percentage of plants set in virus- 
infested soil developed symptoms of mosaic before topping time. 
Following topping, there was a marked increase in percentage of 
plants showing symptoms. All of these investigators concluded that 
infection of roots was rare or did not occur. 

However, Price (16), in more recent work, concluded that roots of 
plants of Nicotiana glutinosa and Turkish tobacco were susceptible to 
infection. He was able to obtain relatively high concentrations of 
virus from roots of some of the inoculated plants 21 days after inocu- 
lation although the plants showed no symptoms. 

In view of the apparent relationship between virus movement and 
food translocation it seems possible that these failures to obtain 
symptoms in root-inoculated plants may have been due to inability 
of the virus to move from the root system into the top, where symp- 
toms could be expressed. 

In order to test this theory, experiments of the following type 
were made. Small Turkish tobacco plants were placed in 3-inch pots 
and allowed to grow until they were approximately 6 inches tall. At 
this stage of development, two or three of the lowest leaves were 
removed from each plant in order to reduce the chances of accidental 
infection in later manipulations and the plants were removed from 
the pots. The root systems had become somewhat pot-bound, and 
each ball of soil was covered with a fairly compact mass of roots. 
The roots on the lower half of each ball of soil were inoculated by 
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rubbing them with a cloth saturated with inoculum. The plants 
were then placed in 8-inch pots. At the same time other plants were 
transferred directly, without root inoculation, to 8-inch pots and 
inoculated on the lowest remaining leaf. 

The plants were allowed to develop normally under greenhouse 
conditions, but care was taken to avoid having any of the leaves 
come in contact with the soil or with the pots. At 10-day intervals 
for 40 days, five plants on which root inoculations had been made 
were cut back, leaving a stem about 2 inches long from which, on 
most plants, lateral buds soon developed into shoots. 

The severed tops were defoliated and the stems were cut into 6-inch 
segments, which were planted in sand to determine by subsequent 
growth whether the virus was present at the time the tops were 
removed. The results of tests of the stem segments of the plants of 
one experiment are shown in table 3. 


TABLE 3.—Movement of virus out of the roots of Turkish tobacco plants before and 
after removal of tops 
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‘ A minus sign preceding a number shows that symptoms appeared on the top of the plant the indicated 
number of days before the top was removed. 
? Plus and minus signs indicate virus present or absent, respectively. 


A record was kept of the time of appearance of symptoms on all 
of the inoculated plants. A high percentage of infection was obtained 
in all lots of plants in which the roots were inoculated. Symptoms, 
however, were very much delayed, and removal of tops had a decided 
influence on the time of appearance of symptoms. Table 3 shows 
in plants 6 to 20, from which the tops were removed 20 to 40 days 
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after inoculation, that symptoms of mosaic aeiasial in the new growth 
of the lateral buds in 6 to 8 days after the tops were removed. In 
plants 1 to 5, from which the tops were removed 10 days after inocula- 
tion, the longer periods required for appearance of symptoms probably 
were due to very slow growth following removal of the tops. 

It may be noted that the plants that were inoculated on the lowest 
remaining leaf produced symptoms in 6 to 8 days after inoculation, 
showing that the virus was able to move to the top of the plant from 
points near the base of the stems in a relatively short time. However, 
assuming correlation between virus movement and food transport, 
this movement would be expected if frequent reversals of food move- 
ment occurred in the stem. It seems probable that considerable food 
storage may occur in the base of the stem and even in the larger roots 
and that at times there would be acropetal movement of these 
materials. It would be expected, also, that in the distal portion of 
the root system of a normal plant movement would be unidirectional 
and toward the root tips. Virus would have difficulty in moving out 
of small roots under such conditions. Removal of tops, however, 
might extend the zone in the root system in which movement of foods 
acropetally could take place. This would account for the rapid move- 
ment of virus out of the inoculated roots following removal of the 
tops of the plants. 


EFFECT OF DEFOLIATION ON MOVEMENT 


Previous studies (4) have shown that the virus of curly top moved 
upward at a relatively rapid rate in defoliated stems of Nicotiana 
glauca but that upward movement was greatly retarded in foliated 
stems. Tests were made in an effort to determine the effect of defoli- 
ation on the movement of the virus of tobacco mosaic in plants of 
N. tabacum, Turkish variety, and experiments with N. glauca, similar 
to those in which the movement of the virus of curly top was studied, 
were made with the virus of tobacco mosaic. 


EXPERIMENTS WITH NICOTIANA TABACUM 


Potted plants of Turkish tobacco 24 to 30 inches tall were bent so 
that their stems approached a horizontal position. When a selected 
basal sucker was about 2 inches tall it was inoculated and the main 
stem was immediately defoliated and pruned to a length of 30 to 36 
inches. At intervals of 2 days for 18 days, beginning with the fourth 
day after inoculation, stems were cut into 3-inch segments and tested 
for the presence of virus by using extracted juice from each segment 
to inoculate healthy plants of Turkish tobacco. Five plants were 
tested at each time interval, and five foliated plants were tested at the 
end of the experiment as a check on the effect of defoliation on the 
acropetal movement of the virus. 

The extent of the acropetal movement of the virus from the inocu- 
lated suckers through the defoliated and foliated stems, as indicated 
by the tests of stem segments, is shown in table 4. These results 
show that acropetal movement was relatively fast in defoliated stems 
and that by the twelfth day the virus had moved the full length of 
the stem of each plant. Results from the 14-, 16-, and 18-day tests 
were the same as those from the 12-day tests, and for this reason they 
are not shown in table 4. The results obtained with the foliated 
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check plant show that with normal foliage the acropetal movement was 
much retarded, since in 18 days the virus had not traveled more than 


9 inches and in two of the plants it apparently had not entered the 
first basal 3-inch segment. 


TABLE 4.—Effect of defoliation on acropetal movement of virus in stems of Nicotiana 
tabacum 
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1 Plus and minus signs indicate virus present or absent, respectively. 
2 Plants not defoliated. 


EXPERIMENTS WITH NICOTIANA GLAUCA 


Plants with stems 36 inches long and with grafts of Turkish tobacco 
at the top and base arranged as described in previous experiments with 
Nicotiana glauca were used in further tests of the effects of defoliation 
on upward movement of virus in stems. When the shoots from the 
basal grafts of these plants were about 12 inches long, they were in- 
oculated and the plants were left undisturbed for 12 days. At the 
end of this period, all the inoculated shoots showed distinct symptoms 
of mosaic and all the grafts at the tops of the plants were normal. 
After the 12-day period, five of the stems were cut into 6-inch seg- 
ments and incubated in a moist chamber at room temperature for 
24 hours, after which expressed juice from each segment was used to 
inoculate healthy Turkish tobacco plants. The results from these 
inoculations indicate the average extent of upward invasion during 
the first 12 days following the original inoculation (fig. 1, check a). 
All of the other plants, except five (fig. 1, check 6), that were retained 
as controls and tested at the end of the experiment, were defoliated 
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except for the basal inoculated graft. At intervals of 2 days for a 
period of 18 days, stems were cut into 6-inch segments and tested for 
virus as already described (fig. 1). On the eighteenth day, the 
remaining foliated check plants were cut into 6-inch segments and 
tested for virus. The 
average distances of 
virus movement, in 
inches, in the defoli- 4 
ated stems from the 
basal inoculated grafts, 

in comparison with 
virus movement in pa 
the foliated checks a 
and 6, are shown in 
figure 1. 

Acropetal move- 
ment of virus started 
in less than 4 days 
after defoliation of the 
main stem and prog- 
ressed rapidly until the 
entire stem of each 
of the plants was in- 
vaded in 12 days or 
longer. Figure 2 shows 
a defoliated plant in 
which the virus moved 
to the top and pro- 
duced distinct symp- 
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segments of the two ) 
lots of plants that were TIME FOR MOVEMENT FOLLOWING DEFOLIATION 
not defoliated show are 1.—Effect of es on movement of 
t i hese plants tobacco mosaic virus from infected basal grafts of 
a pas Ws =_ Turkish tobacco upward through defoliated stems 
8 g on of Nicotiana glauca toward top grafts of Turkish 
or less normal condi- tobacco. Results are given as 5-plant averages of 
tions, relatively little date obtained from the tests of G-inek stem segments 
movement acropetall taken, at intervals of 2 days, for 18 days after the 
occurred Biche oud initial 12-day period allowed for establishment of 
c c ue the virus in the inoculated basal graft. Checks a 
course of the experi- and b were not defoliated. 
ment. These results re 
demonstrate conclusively that the acropetal movement of virus in the 
defoliated plants was a direct response to defoliation. 

These results reemphasize the fact that under certain conditions 
acropetal movement of virus into leafy tops of plants, presumably 
counter to the major movement of elaborated food materials, is 
difficult and usually very slow as compared to movement in the reverse 
direction. Theyshow further that, when the carbohydrate-synthesizing 
areas are removed or reduced so that a food deficit results, movement 
into the defoliated parts is greatly accelerated. 
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Figure 2.—Effect of defoliation on upward movement of virus. This plant of 
Nicotiana glauca was inoculated on the basal graft of Turkish tobacco; 12 days 
later all foliage was removed from the main stem. Photographed 12 days after 
defoliation. Symptoms of mosaic are evident on the rolled leaves of the new 
growth of the top graft of Turkish tobacco. 


When the results shown in figure 1 are compared with the results 
(4, fig. 2) obtained in the study of the upward movement of the curly 
top virus in the same type of plant under similar conditions, it seems 
probable that, under the conditions of the tests, movements of the two 
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viruses were similar and were influenced by the same factors operating 
approximately equally in each plant. 


EFFECT OF DARKNESS ON MOVEMENT 


Turkish tobacco plants with main stems in a horizontal position 
and with basal suckers similar to those already described were used 
in experiments to test the influence of darkness on acropetal movement 
of virus. The main stems of the selected plants were 30 to 36 inches 
long at the time the tests were started. 

In the first tests, the main stems of the plants were placed in a 
dark box but the basal suckers were exposed to the normal light 
conditions of the greenhouse throughout the tests. The basal suckers 
were inoculated at the time the main stems were placed in the dark. 
At intervals of 5 days for 20 days following inoculation, plants were 
removed from the dark and the main stems were defoliated and cut 
into 6-inch segments. Juice was pressed from each segment and used 
to inoculate healthy Turkish tobacco plants to determine the presence 
or absence of virus. 

Movement of the virus in an acropetal direction from the inoculated 
sucker was slow at first and apparently little movement occurred dur- 
ing the first 5 days (table 5). Movement was more marked during 
the second and third 5-day periods, and after 20 days virus was found 
in all the segments of each of the stems of the plants of this series. 


TABLE 5.—Movement of virus in an acropetal direction in darkened horizontally 
placed main stems of Turkish tobacco plants, from basal upright shoots in the 
light 


Period | Presence or absence of virus in indicated 6-inch segment of 
from stems after indicated period in dark, counting from base to 


























Plant No. inocula- top! 
tion to 
testing | First | Second | Third | Fourth | Fifth | Sixth 
| 
| Days 

ne J We aS = = _ - 
Poses | 8 = © = ~ _ 
eee | 5 - - - - - - 
zo: 7 | nS = = = a - 
r Boe - | | tek pa aly pee oe ns 
Be: | + _ - ~ - ~ 
oe = + = 5 + 3 5 
aa + | + - - - ~ 
10_. | + - - _ - - 
11 | lf + oa a + + + 
12: | i} + + + + - - 
13 ES | 15) + 58 + + 5B + 
4 | | + | + + + + + 
15 | + + + + A + 
16 ly oo+ + + + + + 
a7. | = + * +e + - 
18. 20 + + + + + + 
19 | ie ae ae ee + + + 
20 | eae es | + a + + 


{ Plus and minus signs indicate presence or absence of virus, respectively. 


Although comparison of these results with those obtained with 
similar plants growing under more nearly normal conditions of illumi- 
nation (table 1) indicates that darkness had a marked effect in inducing 
acropetal movement, the response in virus movement seems less 
striking than that previously obtained (4) with the virus of curly 
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top in sugar beet. This difference may be associated in part with 
yellowing and dying of darkened tobacco leaves, which may have 
resulted in an outward movement of materials from these leaves 
during the first few days they were in the dark, and this in turn may 
have tended to delay 
the movement of ma- 
terials, including virus, 
from the basal parts of 
the plants. 

In a second experi- 
ment, the main shoots 
of plants similar to 
those used in the exper- 
iment just described 
were placed in a dark 
box and the basal 
suckers were exposed 
to normal light condi- 
tions. At the time the 
shoots were placed in 
the dark, one of the 
small leaves at the top 
of each darkened shoot 
was inoculated. Check 
plants were used in 
which all parts were 
in the light. 

The plants in the 
dark and the check 
plants were watched 
for the appearance of 
symptoms on the tops 


of the main shoots 
and on the basal 
suckers. Symptoms 


appeared on the inocu- 
lated tops of the check 
plants in an average 
period of 5.2 days and 
on the basal suckers in 





Figure 3.—Plant of Nicotiana tabacum inoculated on 








a small leaf at the top of the main shoot immedi- 
ately after it was placed in the dark. The basal 
upright shoot was exposed to the light. The plant, 
photographed 40 days after inoculation, shows the 
new growth produced in the dark, the dead leaves 


an average period of 
7.8 days. 

Owing to the etio- 
lated condition of the 


tops of the shoots in 
the dark, symptoms 
were not distinguished 
on the inoculated parts 
of these plants. The 
minimum time for the appearance of symptoms on a basal sucker was 
29 days, and on 7 of 10 plants tested no symptoms were evident on the 
basal suckers after 40 days. At the end of the 40-day period, it was 
found that all of the darkened leaves that had normal green color when 
placed in the dark box had died but that from 15 to 24 inches of new 


on the older part of the plant, and the growth 
produced by the basal sucker during the period 
of the experiment. The virus did not pass out 
of the main shoot of this plant in a period of 40 
days in the dark. 
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growth had been produced during the time the shoots were in the 
dark. Figure 3 shows one of these plants at the time it was removed 
from the dark. 

Upon removal from the dark box after a period of 40 days, the 
main stems were defoliated and cut into 5-inch segments. Juice was 
pressed from these segments and used to inoculate healthy Turkish 
tobacco plants to determine the extent of virus spread from the 
points of inoculation during the period of test. 

The distribution of virus in 7 of the 10 plants used in the experiment 
is shown in table 6. The results show that in these plants the virus 
was present in all of the etiolated segments but had moved to the 
basal sucker in only one plant. Symptoms appeared on the basal 
sucker of this plant a few days after the main stem was removed. 
The parts of the remaining 6 plants from which the main stems had 
been removed were kept for several months. All remained free of 
symptoms. Thus, in 6 of the 10 plants the virus was unable to pass 
basipetally out of the darkened shoots in a period of 40 days. 


TABLE 6.—Distribution of virus in inoculated main stems of plants of Turkish 
tobacco after they had been in the dark for 40 days 


[Each plant had an upright basal shcot that was kept under normal light conditions] 








‘en Presence or absence of virus in indieated 5-inch segment of stem, counting from base to top ! 
lant 
No. | | | 
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| 
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1 Plus and minus signs indicate virus present or absent, respectively. 

2 Inoculated segment. 

3 Etiolated segments produced in the dark; the ninth segment ranged from 4 to 9 inches long, depending 
on the plant. 


EFFECT OF SEED PRODUCTION ON MOVEMENT 


Vickery et al. (18) have shown that at the time the tobacco plant 
fruits there is an appreciable movement of carbohydrates and other 
materials from the mature leaves and from the root system into the 
flower parts. It seems likely that this movement may be extensive 
enough to cause a more or less uninterrupted movement of materials 
toward the fruiting parts during the time seeds are being produced. 
Periodic directional reversal of flow of materials, therefore, may occur 
only sparingly or not at all at such times in these plants. If this is 
true and if virus movement is correlated with food flow, it follows 
naturally that acropetal movement of virus in fruiting plants should 
be more rapid than in nonfruiting plants and that basipetal movement 
should be less rapid. 

Turkish tobacco plants with horizontally placed stems and with 
basal suckers as already described were used to test this theory. Four 
lots of plants were prepared. In the first, the basal sucker was 
inoculated before the plants had produced blossom buds. To keep 
the plants in a vegetative condition so far as possible, all fruiting 
structures were removed before any blossoms opened. Figure 4 
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shows one of the plants of this lot. In the second, third, and fourth 
lots the basal suckers were inoculated, respectively, when the first 
blossom opened, when the first seed pod was full size, and when the 
most mature seed pod was beginning to turn brown. In all four lots of 
plants, however, the bending of the main stem was timed so that the 
basal suckers were less than 6 inches long when they were inoculated. 

The plants of the 
second, third, and 
fourth lots were al- 
lowed to fruit nor- 
mally. At intervals of 
5 days, following the 
inoculation of the bas- 
al suckers, five plants 
of each lot were cut 
into 6-inch segments 
and each segment was 
planted in sand in a 
separate pot. Subse- 
quent growth — indi- 
cated presence or ab- 
sence of virus in the 
segment and showed 
the extent of invasion 
of the main stems of 
the plants in the allot- 
ted time intervals. 

In these plants the 
acropetal movement of 
the virus in the main 
stem from the inocu- 
lated sucker was in- 
fluenced to a marked 
degree by seed pro- 
duction. The extent 
of this influence is 
illustrated in figure 5. 
In the plants that 
Figure 4.—Type of plant of Nicotiana tabacum used Were not allowed to 

to study the acropetal movement of virusina main blossom the virus 
stem of tobacco, The basal sucker was inoculated failed to reach the top 

when it was about 2 inches tall and blossom buds of the main stems in a 

were removed from the main stem before any blos- ; 

soms opened. Photographed 30 days after the basal period of 40 days ex- 

sucker was inoculated. cept in one of the 

plants in the 30-day 

lot. In the three lots of plants that were allowed to fruit the virus 

moved into the tops of all of the plants in periods of 5 to 15 days after 
appreciable acropetal movement had started. 

These results show that conditions are unfavorable for acropetal 
movement of virus in tobacco plants of the kind tested prior to the time 
of fruiting, but that there is a period at the time of seed production 
during which conditions are peculiarly favorable for movement of 
virus in the direction of the fruiting parts. This period falls within 
the time during which the plants are transporting appreciable quan- 
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ps of organic materials to the fruiting parts for the production of 
seeds. 

Since fruiting was correlated with a marked increase in rate of move- 
ment of virus from the base of the plant toward the fruiting area, it 
would seem to follow that movement in the reverse direction, or 
basipetally, would be less rapid in fruiting plants than in plants in a 
vegetative condition if virus movement is influenced by the factors 
responsible for food translocation. 

In an experiment planned to test this hypothesis, plants of Turkish 
tobacco were bent to a horizontal position as in other experiments. 
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20 30 40 
TIME ALLOWED FOR MOVEMENT (DAYS) 

Figure 5.—Acropetal movement of the virus of tobacco mosaic in the main stems 
of plants of Nicotiana tabacum into which the virus was introduced through 
basal suckers when the main stems were in the following stages of development: 
a, Vegetative, not allowed to blossom; b, first blossom open; c, most mature 
seed pod full size; d, most mature seed pod brown. 


When the seed pods of the main stem began to turn brown, leaves of 
the inflorescence were inoculated. At 5-day intervals for 20 days, 
stems were severed one-half inch above the point of attachment of the 
basal sucker, defoliated, cut into 6-inch segments, and tested for the 
presence of virus by using expressed juice from each segment to inocu- 
late healthy Turkish tobacco plants. 

An sensi Beha of check plants were used. These, however, were 
younger, and when leaves at the distal end of the main stems were 
inoculated no blossom buds were evident. Stems were severed daily 
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for 5 days after moculation, and 6-inch segments were tested for the 
presence of virus by the method used for the lots of older plants. 

The difference in rates of basipetal movement of virus in these two 
types of plants is striking as shown in table 7, where the results of tests 


~: of the segments of each plant are recorded. Movement of the virus 


in the direction of the root system was very rapid in the vegetative 
plants, as was expected. In two of these plants the virus moved a 
distance of 36 inches in 3 days, and in all of the plants tested it moved 
a distance of 36 inches or more in 4 days. In these plants the virus 
had either moved the full distance to the roots in the time interval 
selected or it had not moved out of the inoculated segment. 

In the fruiting plants, movement was much delayed and in one 
plant the virus did not move out of the inoculated segment in 20 days. 
In five of the fruiting plants the virus was intercepted in its movement 
toward the root even though the interval of test was 5 days. This 
suggests that throughout the entire length of the stems basipetal 
movement may have been slow as compared with that in stems of 
vegetative plants, where the virus was not intercepted in its movement 
toward the roots in any instance, although the interval of test was 
only 1 day. 


TABLE 7.—Influence of stage of maturity of Turkish tobacco plants on basipetal 
movement of virus 


Period E Presence or absence of virus in indicated 6-inch 
from segment counting from base to top ! 
Stage of development of |inocula-| Plant | Basal 
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RESISTANCE OF DIFFERENT TISSUES OF STEMS TO 
PASSAGE OF VIRUS 


Previous experiments (3) have shown that the virus of curly top of 
sugar beet did not move through portions of stems of Nicotiana 
tabacum and N. glauca in which the phloem continuity was broken by 
ringing. However, the virus was able to move in both the external 
and internal phloem and to pass from one type to the other through 
the union of the two in the leaf traces. 

The virus of curly top shows evidence of being limited to the phloem, 
and for this reason probably would not be expected to pass through 
such structures as medullary rays, wood parenchyma, or other types 
of parenchymatous tissues. The virus of tobacco mosaic, however, 
occurs in much of the tissue outside of the phloem and probably multi- 
plies and reaches high concentrations in parenchyma of the common 
varieties of commercial tobaccos. With these concepts in mind, 
tests were made to determine the effect of various types of rings in 
stems of Nicotiana tabacum and N. glauca on the passage of virus. 


EXPERIMENTS WITH NICOTIANA TABACUM 


Potted plants of Nicotiana tabacum were allowed to grow until they 
reached the blossom stage, when they were pruned back to a height of 
about 18 inches. Internal and external rings were then placed in the 
stem below the second bud counting from the top of the stem. The 
external ring was made by removing a ring of bark and cambium 
approximately 2mm. wide. The internal ring was made by removing 
a part of the stem by means of a small cork borer and scraping out a 
ring of pith and internal phloem. 

After the rings were made the plants were allowed to stand for 3 
or 4 days, when the rings were again scraped and the holes for the 
internal rings were filled with paraffin having a melting point of 60° C. 
Leaves on parts above the rings were then inoculated and the plants 
were observed for the appearance of symptoms on parts above and 
below the rings. 

The position of the rings and the results of the tests are shown in 
table 8. As indicated, the rings were placed in positions to determine 
whether the virus was able to move through (1) internal phloem, 
(2) external phloem, (3) vertically through the woody cylinder, (4) 
from external to internal phloem through the woody cylinder, (5) 
from internal to external phloem through the woody cylinder, (6) from 
internal to external phloem through the phloem connections in the 
leaf traces, and (7) from external to internal phloem through connec- 
tions in the leaf traces. 

There was no appreciable delay in passage of virus through rings 
in which there was uninterrupted phloem tissue. Virus passed radially 
through the woody cylinder in the absence of phloem connections, but 
apparently passage was delayed an average period of 8 days or more. 
It seems evident also that the virus was able to travel vertically in 
the woody cylinder, but travel was rather slow and movement of a 
distance of little more than 2 mm. apparently required an average 
time of more than 20 days as indicated by the delay in appearance 
of symptoms on shoots across the rings. However, it is possible that 
a part of this apparent delay was caused by the time required for the 
235081—40——2 
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virus to move into the tops of the indicator shoots, which had grown 
considerably during the period of the experiment. 


TABLE 8.—Effect of different types of rings in stems of Nicotiana tabacum on the 
movement of virus through the ringed parts 

















Average period for ap- 
— of symptoms 
ere we Plants | 02 Shoots 
Position of rings tested 
Above Below 
rings rings 
Number Days Days 
Neen nn ne ei shunenciutisievncwantouneapien 5 4.8 6.1 
Nee i  . adwkneeeasiect 5 4.4 5.8 
External and internal rings at same level___.___.......__---.- a 12 6.2 29.5 
External ring 1 inch above internal, both in internode--..____.--..-- 6 5.0 14.0 
Internal ring 1 inch above external, both in internode__.._...____- 5 6.0 13.8 
External ring 1 inch above internal, node between______._.___-- 5- 5.4 6.6 
Internal] ring 1 inch above external, node between_....-.-.._....---- 5 5.4 6.0 











This delay in virus passage may account for the results obtained 
by Matsumoto and Somazawa (13) in which they found that, although 
the virus of tobacco mosaic occurred in the woody cylinder of tobacco 
stems, it apparently did not pass portions of the stem from which both 
internal and external phloem had been removed. If tests for presence 
of virus were made shortly after symptoms appeared on the inoculated 
shoots, as may be inferred, it is probable that not enough time was 
allowed to permit passage of virus through the ringed parts of the 
stems. 


EXPERIMENTS WITH NICOTIANA GLAUCA 


Ar experiment similar to that just described was made with Nico- 
tiana glauca, instead of Turkish tobacco, to test the movement of 
virus through different stem tissues. Plants having single stems were 
pruned to a height of about 24 inches, and healthy scions of Turkish 
tobacco were grafted into the base and top of each stem. When the 
grafts were well established, rings of the same type as those used in 
Turkish tobacco in the experiment already described were placed in 
the stems of N. glauca a short distance below the top graft. After 
the rings were made, the top graft of each plant was inoculated and 
the plants were watched for the appearance of symptoms of mosaic 
on the grafts of Turkish tobacco above and below the rings. 

As in experiments with Nicotiana tabacum, rings that did not destroy 
phloem continuity had no measurable effect on the movement of the 
virus through the stem. However, the results obtained from the 
plants in which phloem continuity was broken by the rings were 
decidedly different from those obtained with N. tabacum. In some 


of the plants (table 9) in which there were no phloem strands bridging 
the rings, symptoms appeared on the lower graft after considerable 
delay. Perhaps in these plants the virus passed the rings in the 
absence of phloem. However, it is recognized that in experiments 
of this type there is always danger of accidental infection, since 
healthy shoots of the very susceptible Turkish tobacco were growing 
in close proximity to infected parts. 
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TABLE 9.—Effect of different types of rings in the stem of Nicotiana glauca on pas- 
sage of the virus of tobacco mosaic 





Effect on plants in | Effect on plants in 
which virus passed which virus did not 





rings pass rings 
Average 
Position of rings Pade period Average 
from in- period 


Plants | oculation | Plants from in- 
affected | to appear- | affected | oculation 


ance of to discard 
symptoms of plants 
below ring 





Number | Number Days Number Days 
7.8 
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AN I ois Sica cites vas cacinpnacaploanens 5 5 Oy RRS Gee ae 
Internal ring only----- Aiudeetnensteecungrsensyde 5 5 6.4 |. Ce ROE ene 
External and internal rings at same level_-_______ 5 1 19.0 4 376 
External ring 1 inch above internal, both in in- 

RES SUES CE RPE ete aS Spe ecoeee 5 3 104. 5 2 390 
Internal ring 1 inch above external, both in in- 

chin onde nurivttnctncurewicce shianioab peed 4 3 46.3 1 327 
External ring 1 inch above internal, node be- 

WN etiekecccecik ssi ccnbuwacntesed SH pi he. 5 5 BU td kwh bamisw an ceashn an 
Internal ring 1 inch above external, node be- 

Uae tok Sata edindincd adden weidasmin eres. 5 5 ‘ 











Regardless of what may have happened in the stems of the plants 
in which symptoms of mosaic appeared on both sides of the rings, it 
seems clear that at least some of the plants were able to restrict the 
virus to a certain portion below which phloem continuity was severed. 
In some of these plants the virus was held in the parts above rings for 
periods of several months. One of these plants is shown in figure 6. 
A more detailed view of another plant of this series is shown in figure 7. 

At the time”the plants in which the virus failed to pass the rings 
were discarded, transverse sections of the stems in the ringed portions 
were examined to determine whether living cells connected the parts 
above and below the rings. Where the rings were at the same level, 
the exposed inner and outer tissue enclosed a part that seemed 
similar to normal wood. Living wood parenchyma cells were present, 
some with chloroplasts. Where the rings were at different levels, the 
pith, wood, and bark appeared normal between the rings, and numer- 
ous living strands bridged the space between the inner and outer 
phloem. From these observations it was concluded that there were 
bridges of living tissue connecting the phloem of the upper infected 
part with the lower noninfected part in all of the plants in which the 
virus failed to pass the rings. 

These results seem to justify the conclusion that in at least some of 
the plants of Nicotiana glauca the living parenchyma of the stem is 
able to act as a barrier to the passage of the virus of tobacco mosaic. 
In such stems both the medullary rays and the wood parenchyma 
are impermeable to the virus. 


MOVEMENT OF THE VIRUS OF CUCUMBER MOSAIC THROUGH RINGS IN THE 
STEMS OF NICOTIANA GLAUCA 


After it was found that the virus of tobacco mosaic was unable to 
move longitudinally or radially through the woody cylinder of certain 
plants of Nicotiana glauca in the rather long time interval allotted for 
movement, experiments with a second virus were started. The virus 
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Figure 6.—Restriction of virus movement in stems of Nicotiana glauca by rings 
that destroyed phloem continuity. Grafts of Turkish tobacco were placed at 
the top and base of the stem. External and internal rings (positions shown by 
arrows) were placed at different levels in an internode, and the top graft was 
inoculated September 18, 1936. The plant was photographed April 14, 1937. 
The mosaic symptoms in the top graft are in striking contrast to the normal 
growth from the basal graft, showing that the virus was unable to traverse the 
woody cylinder of the stem, vertically or radially. 
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FicurE 7.—More detailed view of plant of same series as that shown in figure 6. 
Photographed 6 months after the top graft of Turkish tobacco was inoculated 
with the virus of tobacco mosaic. The virus did not pass the rings (positions 
shown by arrows) in the stem of Nicetiana glauca in a period of 6 months, as 
indicated by the healthy foliage at the top of a shoot from the basal graft of 
Turkish tobacco shown in the Geer part of the figure. 
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selected for these tests occurs in many of the plants of N. glauca 
growing wild in the vicinity of Riverside, Calif. This virus is able 
to attack a number of plant species and causes very distinct mottling 
on N. glauca and on Turkish tobacco, although on the latter mottling 
is much less pronounced than that caused by the virus of tobacco 
mosaic. Its properties and host range, so far as determined, indicate 
that it is a strain of the virus of cucumber mosaic common in the 
United States. 

Test plants were prepared as already described in the experiments 
with the virus of tobacco mosaic. Stems of plants of Nicotiana 
glauca were cut back to a height of about 24 inches and grafts of Turk- 
ish tobacco were placed at the top and base. After the grafts were 
well established, rings were placed in the stems of the N. glauca 
plants about 1 to 2 inches below the top graft. These rings are listed 
in table 10 and were designed to determine (1) movement through the 
normal uninjured stem, (2) longitudinal movement through the 
woody cylinder, (3) radial movement through the woody cylinder, 
and (4) movement through the phloem of the leaf traces. After 
the rings were made, the top graft of each plant was inoculated. 


TABLE 10.—Effect of different types of rings in the stem of Nicotiana glauca on 
movement of the virus of cucumber mosaic 








Average time for ap- 














pearance of > 
toms on gra! 
Dositi ; Plants 
Position of rings tested 
Above Below 
rings rings 
Number Days Days 
NR LL EOE OIE Bi BEAT IRI OLE DS DE TORSTEN ILS ie 5 20. 2 24.6 
External and internal ring at same level___.._....__--._.._-------.-------- 13 19.3 43.3 
External and internal rings at different levels, both in internode-__..-.._- 28 15.5 39.3 
External and internal rings at different levels, node between the two rings- 5 19,8 20.4 








The symptoms produced in these inoculated plants varied consider- 
ably, especially on Turkish tobacco. However, they were distinct 
enough to be detected readily under favorable conditions. The incu- 
bation period of the virus was also subject to much variation in differ- 
ent plants and was much longer than that of the virus of tobaceo mosaic 
in Turkish tobacco plants used in earlier experiments. 

Average periods for the appearance of symptoms on the inoculated 
parts and on the parts below the rings are shown in table 10. In these 
tests the virus moved through the ringed portions of the stems regard- 
less of the presence or absence of phloem connections. Rings that did 
not sever phloem continuity had no detectable effect on the rate of 
virus passage, whereas rings that severed phloem continuity caused 
marked delays in the time of appearance of symptoms on the lower 
grafts. This indicates a period of slow movement through the woody 
cylinder. 

Another series of plants of Nicotiana glauca with top and basal grafts 
of Turkish tobacco was prepared for study of the effect of rings on 
passage of the viruses of tobacco mosaic and cucumber mosaic follow- 
ing simultaneous introduction of the two viruses into parts above 
double rings. After the grafts of these plants were well established, 
external and internal rings were placed at different levels in an inter- 
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FiaurE 8,—Plant of Nicotiana glauca with top and basal grafts of Turkish tobacco 
and rings (positions shown by arrows) breaking the continuity of the phloem 
in the stem of N. glauca. The viruses of tobacco mosaic and cucumber mosaic 
were introduced simultaneously into the top graft. The virus of cucumber 
mosaic moved through the ringed area and produced symptoms in a period of 
37 days. .The virus of tobacco mosaic failed to move through the ringed area 
in 100 days. 
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node in the stem of N. glauca about 2 inches below the lower end of 
the top graft. Each top graft was then inoculated with both viruses 
and all grafts were watched for the appearance of symptoms character- 
istic of those produced by each of the two viruses. 

In all of the 20 plants tested, the virus of cucumber mosaic moved 
through the rings, and symptoms were evident on the foliage below 
the rings in an average period of 36 days. In 4 plants, symptoms of 
tobacco mosaic appeared on the lower grafts in an average period of 
68 days. 

No symptoms of tobacco mosaic were evident on the foliage of the 
lower grafts of the remaining plants in a period of 100 days, when the 
experiment was discontinued. Figure 8 shows one of these plants 
photographed 100 days after it was inoculated, and figure 9 shows 





FiaurE 9.—Leaves of Turkish tobacco taken from the top and basal grafts on 
the plant of Nicotiana glauca (fig. 8) in the stem of which the virus of cucumber 
mosaic passed double rings that destroyed phloem continuity and the virus of 
tobacco mosaic failed to pass such rings: A, From top graft; B, from basal graft. 


characteristic symptoms produced on leaves taken from the top and 
basal grafts at the time the plant was photographed. 

At the end of the experiment, portions of the top and basal grafts 
of each plant were removed and dried to destroy the virus of cucumber 
mosaic. Extracts were prepared from the dried material and used to 
inoculate healthy tobacco plants. No infection was obtained from 
extracts from material taken from the basal grafts that did not show 
symptoms of tobacco mosaic. 

These results show that certain plants of Nicotiana glauca separated 
the virus of cucumber mosaic from the virus of tobacco mosaic by 
virtue of the fact that the former moved through the woody cylinder 
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of N. glauca in the absence of phloem, under conditions which caused 
the restriction of the virus of tobacco mosaic to the inoculated parts 
above the rings. 


DISCUSSION 


In connection with the general subject of factors involved in the 
movement of viruses in plants, a comparison of the movement of the 
virus of tobacco mosaic in Nicotiana tabacum, Turkish variety, and 
in N. glauca with the movement of the virus of curly top (4) in these 
two species of Nicotiana is of interest. 

The virus of curly top probably is closely limited to the phloem, 
but in the common varieties of tobacco the virus of mosaic evidently 
occurs in both phloem and parenchyma. Certain differences in the 
ability of two such viruses to invade plants would be expected to 
result from these different tissue relationships. The differences that 
appear most evident in the results obtained involve ability of the 
virus of mosaic to move through rings in the stems of plants of 
Turkish tobacco in the absence of continuous phloem paths, and in 
an apparently greater tendency on the part of the virus of mosaic to 
move in directions opposite food transport under certain conditions. 

Before considering these differences further it should be emphasized 
that there is evidence of two distinct types of virus movement in 
plants. One type occurs in the st. a and the other in the 
phloem. The factors responsible for movement through the paren- 
chyma probably are diffusion and protoplasmic streaming, perhaps 
aided by virus multiplication. Movement resulting from the opera- 
tion of these factors would necessarily be relatively slow and inde- 
pendent of other materials being transported. 

The factors responsible for virus movement in the phloem are not 
well understood, but it is quite evident that under favorable conditions 
viruses mr move through the phloem at very rapid rates. These 
rates greatly exceed any movements that have been shown to occur 
in parenchyma. 

When the respective tissue relations of the viruses of tobacco mosaic 
and curly top are considered in relation to the two types of movement 
that occur in plants, the probable reasons for the observed differences 
in the movement of the two viruses are more clearly evident. 

Since the virus of mosaic is able to move and increase in the paren- 
chyma, it would be expected to pass rings that destroy phloem con- 
tinuity in the stems of Turkish tobacco. Matsumoto and Somazawa 
(13) showed that the virus occurs in the woody cylinder of tobacco 
stems. Since there is good evidence that it does not occur ordinarily 
in nonliving tissue, its presence in the woody cylinder would indicate 
occurrence in the wood parencyhma and in the medullary rays of the 
woody portions of the stem. Therefore, the virus should be able to 
pass rings in stems by traveling radially through medullary rays or 
vertically through wood parenchyma. But since travel through cells 
of these tissues would be slow, considerable delay in passage of rings 
that break phloem continuity would be expected. The results of 
virus passage through rings in Turkish tobacco show this expected 
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The same principles may be used to explain the movement of a 
virus, such as that of tobacco mosaic, in directions opposite food flow. 
Comparison of the movement of the virus of curly top (4) with that of 
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tobacco mosaic through a horizontal stem of Turkish tobacco acro- 
petally from an inoculated basal sucker shows that the curly top virus 
had in most instances either reached the top in the time interval 
allowed or had not moved a distance of one-half inch from the base of 
an inoculated sucker; whereas in the same type of plant there was a 
certain amount of evidence of a slow acropetal movement of the 
mosaic virus throughout the interval allowed for movement. If the 
virus of curly top is limited to the phloem it would be able to move 
in the phloem only when conditions were favorable for movement. 
Evidence indicates that conditions are not usually favorable for 
movement in phloem in an acropetal direction in the type of plants 
tested ; but if they do become favorable, movement may be very rapid. 

However, since the virus of mosaic is able to move in the parenchyma 
and since this type of movement is independent of movement in the 
phloem, the virus of mosaic would be able to move acropetally through- 
out the time allowed for movement at the rate it is able to maintain 
in parenchymatous cells. Although this rate of movement is not 
great, it would be detectable in plants held for long periods and might 
be appreciably greater than that in the phloem under conditions 
unfavorable for movement in the phloem. 

The question naturally arises as to why the tobacco mosaic virus 
did not in all instances pass certain types of rings in Nicotiana glauca 
in which passage would have involved travel through either the 
medullary rays or the wood parenchyma. Not enough information 
is available at this time to answer this question with certainty, but 
the lack of mottling in infected plants may have some significance in 
this connection. It is conceivable that the absence of mottling in 
N. glauca was due to a low concentration or absence of virus in the 
chlorophyll-bearing cells. If this is true, it seems probable that much 
of the extraphloem tissue of the stem may be unfavorable for multi- 
plication or movement and that the virus may be more or Jess closely 
restricted to the phloem, at least in the stem of certain individual 
plants. It might for this reason be incapable of traveling longitudi- 
nally through the wood parenchyma or radially through the medullary 
rays connecting the regions of internal and external phloem. 

This concept is strengthened somewhat by the fact that the virus 
of cucumber mosaic, which is capable of causing distinct mottling in 
Nicotiana glauca and therefore presumably occurs in relatively high 
concentration in parenchyma, was able to pass rings in stems of N. 
glauca which destroyed phloem continuity and through which the 
virus of tobacco mosaic failed to pass. 

The evidence obtained with tobacco mosaic virus in the two species 
of tobacco indicates that the tissue relationships of a virus may be 
quite different in two distinct host plants. 

Similarities in the movement of the virus of tobacco mosaic and 
the virus of curly top are obvious when movement through the 
phloem is considered. 

According to tests in which plants were inoculated at the top and 
then segmented after certain intervals, the maximum rate of move- 
ment through the phloem determined for the virus of mosaic was 36 
inches in 72 hours. Evidence indicates consistently that this rate, 
of about one-half inch per hour, is maintained in plants under favorable 
conditions for movement. The virus of curly top apparently moves 
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at approximately the same rate in the stems of tobacco under similar 
conditions. Its movement in beet, however, is much more rapid. 

It is recognized that there is an element of error in the determination 
of rates of movement of these viruses in tobacco because the time 
that movement begins in the phloem cannot be determined accurately. 
The actual maximum movement, therefore, is somewhat greater than 
that indicated, but probably less than twice as great. Since the 
element of error is present in the determination of the movement of 
each virus, and since its magnitude is not definitely known in either 
instance, accurate comparisons of the maximum movements in the 
stem of tobacco are not practicable. However, the evidence clearly 
indicates that the movement of the two viruses through the phloem 
of the stem of tobacco is approximately of the same order. It is 
evident also that both viruses move rapidly in directions of food 
transport and very slowly in directions opposite food transport. 

The way in which the virus of tobacco mosaic moves in defoliated 
stems, in shoots placed in the dark, and in plants during the period of 
seed development, indicates clearly that movement of this virus 
through the stems of plants of Turkish tobacco and of Nicotiana glauca 
can be influenced, and to a considerable extent controlled, by control- 
ling certain factors that determine the direction of movement of 
elaborated food materials. This seems to furnish very strong evidence 
in support of the view that virus movement is correlated with the 
translocation of elaborated food materials in the plants in which tests 
were made. 

In view of this fact it may be well to consider further the evidence 
that has been interpreted as opposed to such a correlation. This 
evidence consists principally of the following observations. The virus 
moves acropetally and basipetally in the stems of normal upright 
tobacco and tomato plants (4,7, 9,10). It apparently does not move 
into darkened mature tobacco leaves more rapidly than it moves into 
normal leaves in the light, and it moves out of darkened mature leaves 
almost as readily as it moves out of normal leaves in the light (4). 
It moves out of young leaves before they are mature (6). 

To interpret this evidence as opposed to the concept of correlated 
virus movement and food translocation, obviously the following 
assumptions must be made: (1) Food movement in at least the lower 
portions of normal upright tobacco and tomato plants is always in 
the direction of the roots; (2) movement of food materials is into and 
not out of mature tobacco leaves in the dark; and (3) no food moves 
out of immature tobacco leaves. It seems very doubtful that these 
assumptions are justified by the evidence that is available. 

Since Samuel (17) found that in the stems of tomato plants the 
virus of tobacco mosaic usually moved first to the roots and later to 
the tops and Caldwell (5) found that in tobacco the virus moved first 
to the tops, it seems probable that movement in the stem may be in 
either direction, depending on conditions at the time of entrance. 

It is possible that frequent directional reversals of food movement 
in tobacco and tomato stems may occur under normal conditions of 
growth and that the observed movements of virus may be correlated 
with diurnal or other directional reversals of food movement. The 
slow acropetal movement of the virus of tobacco mosaic in plants of 
Turkish tobacco and Nicotiana glauca manipulated in such a way as 
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presumably to decrease greatly the acropetal movement of food 
materials lends support to this idea. 

Failure of virus to move into darkened noninoculated mature leaves 
of tobacco and failure of inoculated darkened leaves to restrict out- 
ward movement of virus may have an explanation that does not 
conflict with the concept of a correlation with food movement. It 
has been observed repeatedly that when mature leaves of tobacco 
plants are placed in the dark they soon turn yellow and die. It 
seems probable that such leaves do not utilize food from parts in the 
light, for if they did they would continue to live. Owing first to the 
outward movement of food reserves and later to the outward move- 
ment of products resulting from protoplasmic disintegration, the 
directional movements of materials in the phloem of darkened leaves 
of tobacco may be similar to those of normal leaves. If this is true, 
the directional virus movements that have been observed are those 
that would be expected. Results from experiments in which entire 
shoots were placed in the dark and in which subsequent growth showed 
that materials were moved into darkened shoots from parts in the 
light prove not only that virus can be caused to enter parts by keep- 
ing them in the dark but also that virus moves out of such parts with 
considerable difficulty. 

No information is available regarding the stage of development that 
a tobacco leaf must attain before it becomes a source of supply of 
carbohydrates to the rest of the plant, but it seems reasonable to 
suspect that under favorable conditions for photosynthesis temporary 
surpluses of food materials may be developed in leaves long before 
they are mature and that at times there may be movement of mate- 
rials out of relatively young leaves. Such a movement, even if it 
were a very limited one, would account for the observed movements 
of virus out of relatively young leaves. 

It seems reasonable to conclude that the movement of the virus of 
tobacco mosaic through the phloem network of the plant is similar to 
that of the virus of curly top. The transport of these two viruses 
through the plant is probably the result of the operation of factors 
responsible for the translocation of elaborated food materials. The 
observed movements through the plant are of the type that would be 
expected if the basic principles of the theory of mass flow (7, 14) of 
liquid materials in the phloem were operating in the translocation of 
organic food substances. 

SUMMARY 


In vegetative plants of Turkish tobacco having a main stem in a 
horizontal position and a basal sucker in a vertical position, basipetal 
movement of the virus of tobacco mosaic in the main stem was rapid 
and acropetal movement was slow. In similar plants maturing 
seeds on the main stem acropetal movement was rapid. In vegetative 
plants, acropetal movement was accelerated by darkness and defolia- 
tion. Basipetal movement was very slow in main stems in the dark. 

In plants of Nicotiana glauca having top and basal grafts of Turkish 
tobacco separated by 3 feet of stem, virus moved from the top graft to 
the basal graft and produced symptomsin6 to9days. In7of 10 plants 
the virus failed to move from the basal to the top graft in periods 
ranging from 224 to 252 days. Upward movement was relatively 
rapid when the tops were defoliated. 
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Roots of Turkish tobacco were susceptible to infection, but usually 
long periods were required for the virus to move from the roots into 
ihe tops and produce symptoms. Removal of the tops hastened the 
upward movement. 

The virus of tobacco mosaic moved through the rings that broke 
phloem continuity in the stems of Turkish tobacco, but passage was 
delayed. In certain plants of Nicotiana glauca, the virus failed to 
pass rings that broke phloem continuity in periods some of which 
were more than 250 days. However, the virus of cucumber mosaic 
was able to pass such rings in all cases, although passage was delayed 
by the rings. 

Since the virus of tobacco mosaic usually does not produce mottling 
on Nicotiana glauca, it is suggested that the parenchymatous tissue 
of this species may be unfavorable for movement and multiplication. 
This may account for the inability of the virus to pass rings that 
break phloem continuity. The fact that the virus of cucumber 
mosaic, which causes mottling on N. glauca and therefore probably oc- 
curs abundantly in parenchyma, passed such rings in al] instances lends 
support to this concept. 

The evidence indicates that the movement of the virus of tobacco 
mosaic is correlated with food transport. The factors involved in 
movement are probably not fundamentally different from those 
responsible for the movement of other plant viruses. 
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ORGANIC RESERVES IN THE ROOTS OF BINDWEED '! 


By C. G. Barr? 
Associate in botany, Colorado Agricultural Experiment Station 


INTRODUCTION 


Organic reserves in the roots of perennial weeds are closely associ- 
ated with their persistence. Earlier work on bindweed control 
involved mainly the study of the effect of herbicides and the develop- 
ment of control methods by cultivation or smother crops with little 
consideration of the physiology of the weed. In 1936 work was under- 
taken at this station to study the carbohydrate reserves in bindweed 
roots and their role in growth and regeneration. The experiments 
reported in this paper relate to the effect of various cultural practices 
and chemical treatments on the trend of organic reserves in the 
roots of bindweed (Convolvulus arvensis L.). 


MATERIALS 


The study of the root reserves of bindweed is one phase of a larger 
program of weed investigations being carried on at the Colorado 
Agricultural Experiment Station. A 10-acre field of bindweed-in- 
fested land is under lease, and various cultural and chemical methods 
of weed control are in progress. The general plan of this part of the 
study involved the cultivation of plots at various intervals after 
emergence of the bindweed following each cultivation. Cultivations 
during the season of 1936 were (1) at emergence, (2) 3, (3) 6, (4) 9, 
(5) 12, and (6) 15 days after emergence. In addition to the clean 
cultivation and chemical tests, various cropping practices are being 
carried out.* 

The study of the root reserves consisted essentially in determining 
the trend of the carbohydrates in the roots of plants under various 
treatments in comparison with undisturbed plants. Four separate 
types of collections were made: 

1. Root samples collected at biweekly intervals from April 25 to 
October 30. Two series of plots were sampled—one in which the 
plants were undisturbed throughout the season, and the other in which 
the plants were clean-cultivated all season at 9-day intervals after 
emergence of the bindweed. First emergence of plants commonly 
occurred about 6 days after cultivating. Therefore cultivating 9 
days after emergence is comparable to cultivation once every 2 weeks. 

2. Root samples collected at 4-day intervals for a period of 24 days 
after a single cultivation at various dates during the season. 

3. Root samples collected from plots treated on various dates with 
dry sodium pe at the rate of 3 pounds per square rod. Root 

1 Received for publicetion July 12, 1939. Contribution from the Colorado Agricultural Experiment 
Station in cooperation with the Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. 
Department of Agriculture. 

? Aid by Bruce J. Thornton, associate in botany, is acknowledged in supplying some of the material for 
table 6. e also made possible the field work incident to the preparation of this paper. Thanks are also 
due Dr. L. W. Durrell, head of the Department of Botany, for helpful advice and criticism in preparation 


of the manuscript. 
3 Under the supervision of Bruce J. Thornton. 
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samples were taken June 1, July 1, August 1, and September 1 at time 
of treatment, and also 1 month after treatment. Checks were run on 
untreated plots. 

4. Root samples were collected at the end of the growing season 
near October 1 from plots as follows: 

(1) Uncultivated; (2) cultivated at emergence to depth of 3 inches, April to 
October; (3) cultivated 3 days after emergence, April to October; (4) cultivated 6 
days after emergence, April to October; (5) cultivated 9 days after emergence, 
April to October; (6) cultivated 12 days after emergence, April to October; (7) 
cultivated 15 days after emergence, April to October; and (8) cultivated to a 
depth of 6 inches 9 days after emergence, April to Octobe :. 


METHOD OF SAMPLING 


Root samples were obtained by sifting the soil containing bindweed 
roots and placing the roots with some soil, in quart mason fruit jars 
for transport tothe laboratory. A post-hole digger which made a hole 
6 inches in diameter was used in digging the roots. By making four 
adjacent holes in the pattern of a square a hole was produced 1 foot 
square and as deep as required. For the work on bindweed, root 
samples were taken from the first foot level only. Five cubic feet 
of soil from five different locations in the plot were taken as a standard 
composite field sample. 

The roots were taken to the laboratory as soon as possible after 
digging, the soil and sand removed, and the roots washed with cold 
water. The excess water was removed by blotting with cheesecloth. 
Duplicate 50-gm. samples were weighed to +0.05 gm. on a torsion 
balance. These were cut into pint mason fruit jars containing 200 
ml. of boiling 95-percent alcohol, sealed, and allowed to simmer in a 
boiling water bath for 45 to 60 minutes. The samples were then 
stored until they could be conveniently extracted and analyzed. 


METHODS OF ANALYSIS 


The preserved root material was extracted by decantation with 80- 
percent boiling alcohol until reducing substances had been removed 
from the sample as determined by tests. From 12 to 15 extractions 
were required. The extract from each sample was collected in a 
volumetric flask and the extracting liquor made to volume after com- 
pletion of the extraction. Two-hundred-milliliter portions of this 
liquor were used for the sugar determinations. The alcohol was re- 
moved by evaporation and the resulting water solution cleared with 
neutral lead acetate. Reducing substances were determined by the 
Munson-Walker (22)* method for the precipitation of the cuprous 
oxide. A modification of the Bertrand (7) method was used for the 
estimation of copper. The residue, after the removal of the soluble 
carbohydrates, was dried to constant weight at 100°C., ground to 
suitable fineness, and analyzed for starch and_ acid-hydrolyzable 
materials separately. 

One-gram samples of the residue were gelatinized and digested with 
undiluted taka-diastase until negative iodine tests for starch were 
obtained. The digest was then filtered, the filtrate cleared with 
neutral lead acetate, and the glucose equivalent after hydrolysis was 
determined on aliquots. The starch fraction included small amounts 


4 Italic numbers in parentheses refer to Literature Cited, p. 412. 
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of other substances which might be brought into solution by the gelatin- 
izing process and the taka-diastase digestion. Evidence for this is 
the fact that appreciable values for starch were obtained on samples 
from fallowed plots when iodine failed to give positive tests for starch. 
No important reserve material remained in the residue after the alcohol 
extraction and diastase digestion. This is shown by the uniformly 
low acid-hydrolyzable values. 

The term “readily available carbohydrates,” as used in this paper, 
includes the total sugars and starch only, since acid-hydrolyzable 
substances probably do not serve as a readily available reserve. 

The acid-hydrolyzable fraction is shown in the tables, however, for 
the convenience of readers who desire to estimate the total carbohy- 
drates. The reducing sugars are necessarily a part of the total sugars 
as determined after invertase hydrolysis. Results shown in all the 
tables are expressed on the basis of both fresh and dry weight. The 
graphs show the data on the basis of fresh weight. 


PRESENTATION AND DISCUSSION OF RESULTS 


Reserve food in the bindweed roots studied in these experiments 
occurred chiefly in the form of sucrose and starch. Although the 
reducing-sugar content was low, approximately 0.50 to 2.00 percent, 
the total sugars varied from about 2.00 to 7.00 percent. In a recent 
paper Bakke, Gaessler, and Loomis (4) showed that reserves in the 
bindweed roots of their experiment consisted largely of sucrose and a 
dextrinlike compound or group of compounds. They showed also 
that reducing sugars and true starch played less important roles. 
TABLE 1.—Seasonal variations in the carbohydrate content (percent) of cultivated 


and of undisturbed bindweed roots expressed on fresh-weight and dry-weight bases 
1936 
























































Undisturbed plants— Cultivated plants— 
alia —_— pare nae 
sa cid- | ily cid-| ily 
Date Basis Re- | rotal hydro-| avail-| Re- | motay hydro- a. 
ducing guaars Starch/lyzable| able | ducing sugars Starch|lyzable| able 
sugars a sub- | carbo- | sugars — sub- | carbo- 
stances} hy- stances} hy- 
drates drates 
Apr. 25 _ weight..| 0.53 | 2.44] 1.80] 3.12 y 
ri hina tare Dry weight_..| 3.16 | 14.60 | 10.81 | 18.70 | 25. 
May 9 ere weight..| .51 |) 191 -93 | 3.10 8 
i sal cpp Dry weight...| 3.30 | 12.36 | 6.00 | 19.95 | 18.¢ a. ith ig 
Mav 25 {ree weight..| .66| 2.25] 1.65] 2.50/ 3. . 53 6 " 8 3. 
sid Aare hans Dry weight.._| 4.48 | 15.13 | 11.28 | 16.92 | 26. ; ; .65 | 16. . 3: 
June8 ae weight_- 1.07 2. 54 3. 31 2. 37 5.8 ‘ - 5 3. 3. 
spree Dry weight_..| 7.13 | 17.77 | 22.09 | 15.85 | 39. , , . b .f 
June 22 foes weight_- . 84 2.81 2. 97 2. 98 5. . 26 ; é 3. ; 
bebo sor i Dry weight__.| 4.85 | 16.34 | 15.50 | 17.30 | 31. 4 .& . . : 
July 6 omg weight_. ott 2. 66 4. 20 3. 20 6. 86 . 03 . 82 .97 3. 20 1.79 
Sennen oe Dry weight._.} 3.95 | 13.78 | 21.03 | 16.57 | 34.81 .18 5. 02 5.97 | 19.40 10. 99 
July 20 ts weight..| 1.31 3. 94 4.74 3.15 8. 68 .O1 . 70 . 78 3.00 1, 48 
Bern tie Dry weight__.| 6.81 | 18.93 | 26.50 | 15.92 | 45.43 . 09 4. 52 5.22 | 20.17 9. 74 
Aug. 1 foe weight_.| 1.21 3. 96 6. 21 3.50 | 10.17 . 02 71 79 3. 33 1. 50 
rn Tee Dry weight__.| 5.24 | 17.05 | 26.81 | 15.10 | 43.86 - 03 4. 32 4.87 | 21.60 9.19 
Aug. 17 Fresh weight_ 1, 25 2.79 5. 58 3. 48 SS et 5 | 1.00 2. 80 1.71 
" P eahan Dry weight_._| 5.63 | 12.56 | 25.15 | 15.72 | 37.71 4. 63 6.81 | 18.42 11. 44 
Aug. 31 seams weight_.| 1.56 3. 97 6. 83 3.25 | 10.80 20 . 98 . 98 2.70 1. 96 
«jabra ans Dry weight._.| 8.98 | 22.83 | 31.44 | 14.97 | 54.27 1.29 | 6.22 | 6.15 | 18.35 12. 37 
Sept. 16 ge weight__| 1.62 4.46 8. 28 3.72 | 12.74 17 . 54 . 88 3. 60 1,42 
ies st aa ahha Dry weight___| 5.40 | 17.22 | 32.00 | 14.40 | 49.22 94 | 3.00} 4.90 | 19.95 7. 90 
Sept. 29 fess weight_.| 1.92 5.77 8. 48 4.02 | 14.25 ll . 80 1.50 3. 20 2. 30 
si ah rat ia Dry weight___| 7.91 | 23.69 | 34.90 | 16.55 | 58.59 06 | 4.79 | 9.03 | 19.45 | 13.82 
Oct. 15 Fresh weight_.| 1.67 | 5.83 | 6.61 | 3.50 | 12.44 |..._._. 95 -85 | 2.90 1.80 
0 OSs --=""l\) Dry weight...| 9.26 | 32.22 | 29.22 | 15.50 | 61.44 |__.__.- 10. 45 .62 | 19.17 16. 07 
Oct. 30 tae A OS aes 2S th  ~ 8  eaiAly Bieta) ee Ce 
ihe d  eteiag = Dry weight___! 5.16 | 36.35 | 26.81 | 15.07 | 63.16 |__.___- ey Oe Mae Sao 
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In the experiments reported herein no attempt was made to separate 
the true starch from the dextrin. The values for starch reported, 
therefore, represent the true starch together with the dextrinlike 
group of compounds which Bakke, Gaessler, and Loomis discuss. 

Table 1 shows the data for total and reducing sugars, starch, acid- 
a and the readily available carbohydrates for undisturbed 
plants and plants cultivated 9 days after emergence (biweekly) 
throughout the growing season of 1936. In most cases dates of 
sampling are at exactly 2-week intervals. 


SEASONAL TREND OF CARBOHYDRATES IN BINDWEED ROOTS 
The seasonal trend of the sugars is represented graphically in figure 
1. The total sugar content of the undisturbed plants gradually in- 
creased from April to the last of October. The reducing sugars in the 
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FicurE 1.—Total and reducing sugar content of bindweed roots, when undis- 
turbed and when cultivated at 2-week intervals, 1936: a, reducing sugars, 
cultivated; 6, total sugars, cultivated; c, reducing sugars, undisturbed; d, total 
sugars, undisturbed. 


undisturbed plants showed only slight increase from the beginning to 
the end of the experiment. Whether reducing sugars are precursors 
of sucrose or arise as a result of hydrolysis of the sucrose in bindweed 
is open to question. But in either case great variation in this fraction 
would not be expected, since in the former case they would rapidly 
be changed into the disaccharide and in the latter instance they would 
doubtless be used in general metabolism as rapidly as they were 
formed, without accumulating. 

It has been shown in an earlier paper (5) that the total sugars of 
bindweed are materially depleted and are held at a minimum of about 
1 percent of the dry weight by frequent cultivation. The data pre- 
sented here show that when a cultivation program is started early in 
the spring the apparent depletion of total sugars is largely the result 
of a lack of normal accumulation rather than an actual depletion. 
Compare figure 1. Collection of samples from the cultivated plots 
was started May 25, 4 weeks after samples were first collected from 
the undisturbed plants. The total sugar content of the roots from the 
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cultivated plots was 0.75 percent less than from undisturbed plants. 
Slight depletion occurred, but the significant point seems to be the 
lack of accumulation in those plants which were repeatedly cultivated 
Only traces of reducing sugars were found in the roots of cultivated 
lants. 

. In the undisturbed series, the starch content showed greater varia- 
tion than did the total sugars. The minimum values for both starch 
and total sugars on May 9 may be accounted for by the rapid utiliza- 
tion of carbohydrate material for regeneration and growth in the early 
spring. Observation of the growth status of the plants showed that 
four to six leaves had appeared on the young plants before May 5; 
about May 7 to 9 the plants exhibited much additional growth and 
marked vining. It seems reasonable to believe that this rapid vege- 
tative growth would be a drain on the reserve foods since the limited 
photosynthetic area probably could not supply the high sugar require- 
ments for rapid cell division. 

The data show relatively more rapid accumulation of starch than 
sugar before October 1. The September 29 starch value was 471 
percent of the value on April 25, while the total sugar for September 
29 was about 236 percent of its value on the earlier date. The 
marked seasonal increase in percentage of starch as compared with 
the accumulation of total sugars may be interpreted to mean that 
while sucrose may act as a temporary storage product it is rapidly 
cer into the more stable and insoluble polysaccharide 
material. 


TABLE 2.—Seasonal variations in the carbohydrate content (percent) of cultivated 
and of undisturbed bindweed roots expressed on fresh-weight and dry-weight 
bases, 1937 



































Fresh weight fs 2.75 7.47 3. 38 10. 22 | 
Dry weight._.....| 11.14 32, 10 15, 27 43. 24 
Fresh weight. --.. 3.95 5. 87 3.08 9. 82 | ‘ baie Waieteson | ok ere 
Dry weight-_____- 17.07 28. 20 12.70 45, 27 |___- By SEP Sry rant HM fo ake I 


Sept. 24 
Oct. 7 
Oct. 28 





Fresh weight . - - -- 5.00 4. 63 2.73 9. 63 | -- 
Dry weight_-.-... 22, 62 25. 30 15. 34 47.92 |.. 


Undisturbed plants | Cultivated plants 
. Acid- P Acid- P 
Date Basis ss Readily Readily 
hydro- |. -: r hydro- ; 
Total available} Total available 
sugars Starch | lyzable carbohy-| sugars Starch | lyzable carbohy- 
sub- |" drates sub- | “drates 
stances stances : 
Fresh weight... _- 0.95 1.70 3.10 2.65 
May 11. {ny weight... _- 5.86 | 13.02] 21.33] 18.88 
May 30 toe weight-.._. se 1, 59 1,74 3.14 3. 33 
May 99-1) Dry weight......- 9.69 | 11.60] 24.18 21. 29 
int cde fe weight -.- 2.42 2.44 2.10 4.86 
-|\Dry weight. _-___- 3 : 13. 90 15. 75 19.70 29. 65 
June 17 seg weight. __- 1.97 2. 83 3. 28 i | 2.15 3. 60 3.09 5.75 
Dry weight______- 10. 83 17.00 19. 83 27. 83 | 12. 38 22. 65 19. 46 35. 03 
Jul 1 i haegs weight____ 1.97 2. 84 3.44 Se RR GES (tae, Cad el CP Te 
y Dry weight... __ O08) 70) OP ae BB Re eNEN DO TIN 
July 15 Song weight eas 1.70 3.13 3.07 4.83 1.96 4.05 2.43 6.01 
y Dry weight-.____- 8.12 10. 24 16. 71 18. 36 9. 23 20. 36 14.13 29. 59 
July 29 — weight. _._- 3. 08 7. 50 2.45 10. 58 | wianesustaanedel dcnanbaieaie 
y Dry weight______.| 12.67 | 83.83 | 10.72| 46.40]......_.. x 
Aug. 12 — weight____- 3.85 9.80 2.36 13. 65 | 1,93 3. 65 
8. Dry weight______- 16.90} 41.90} 10.70] 58.80 9.11 | 17.63 
Aug. 27 oo. weight_-.-_-.- 3.78 8. 84 2.91 12. 62 3.11 3. 88 
8. Dry weight...._.- 16. 70 23.90 13. 40 40. 60 1.27 17. 69 
Sept. 11 |{Fresh weight. ---. 3.47| 804, 246| 11.51| 2.98| 3.16 
a i Dry weight... 13.05} 35.10] 10.47] 48.15| 14.14] 16.75 
{ aera 
{ | 
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The change in percentage composition of sugar and starch in the 
roots of bindweed after about the end of September is interesting. 
Field notes taken indicate that temperatures had dropped consider- 
ably and growth had practically ceased near the end of September. 
Superficially the plants appeared to be dead and to be going into the 
usual winter dormant condition. It is a weil-known fact that certain 
plants may be hardened to make them cold and drought resistant. 
Chemical analysis of such plants shows a marked change in the 
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Figure 2.—Total sugar, starch, and readily available carbohydrate content of 
bindweed roots when undisturbed and when cultivated at 2-week intervals, 
1936: a, Total sugars, cultivated; b, starch, cultivated; c, readily available 
carbohydrates, cultivated; d, total sugars, undisturbed; e, starch, undisturbed; 
f, readily available carbohydrates, undisturbed. 


starch-sugar equilibrium. The marked decrease in starch content of 
bindweed roots accompanied by the increase in sugar percentage is 
indicative of the transition occurring in the roots with the approach 
of cold weather. Harvey (/2) credits Lidforss (16) with reporting 
that a shift from polysaccharides to glucose and sucrose is a common 
occurrence in plants during the cold season. Hasselbring and Hawkins 
(13) have shown the same shift occurs in sweetpotatoes kept at low 
temperatures. Harvey (12) also has shown that the polysaccharides 
of hardened cabbages are displaced in the direction of monosaccharides 
and disaccharides. 

Readily available reserves reached a maximum of 14.25 percent in 
the roots of undisturbed plants and a maximum of 3.51 percent in 
the cultivated plants. 
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Saliaete starch, and lala available sills are plotted 
together in figure 2 to show their seasonal trends in undisturbed and 
cultivated plants. Distinct reductions are observed in each fraction 
A noteworthy fact which the graph reveals is the marked reduction 
in the carbohydrates of the cultivated plants. 

Investigation of the seasonal trend of the carbohydrates was car- 
ried through the 1937 season also. The behavior of the carbohydrate 


14 —-— = 




















FRESH WEIGHT (PERCENT) 


















































Eauaaae 


‘~~ - 4 17 1 29 12 27 OW Oa oe 28 
MAY JUNE sure AUG. SEPT. ocT. 





Figure 3.—Carbohydrate content of bindweed roots when undisturbed, 1937: 
a, Total sugars; b, starch; c, acid-hydrolyzable substances; d, readily available 
carbohydrates. 


fractions in 1937 was similar to that in 1936 as shown in table 2 and 
figure 3. There was, however, more rapid accumulation of starch in 
the undisturbed plants. The data show that very little accumulation 
of starch occurred before July 15 but that thereafter there was a very 
rapid increase in the starch content, reaching a maximum of 9.80 
percent by August 12th. This date was about 1 month earlier than 
the time of maximum carbohydrate accumulation in 1936. The data 
are shown in figure 4. 

Weather data for 1937 are incomplete, but it is believed that the 
local environmental conditions delayed early accumulation and caused 
the rapid increase in starch between July 15 and August 12, in the 
undisturbed plants. 
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It should be pointed out that the samples used to show the seasonal 
trend of carbohydrates from fallowed plots for the 1937 series were 
taken from plots which were cultivated irregularly at 3- to 4-week 
intervals. This may account for the higher values found in the 1937 
cultivated plants as compared with those of 1936. 
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Figure 4-—Starch and readily available carbohydrate content of bindweed 
roots when undisturbed and when cultivated, 1936 (A) and 1937 (B): a, Starch, 
cultivated; 6, readily available carbohydrates, cultivated; c, starch, undis- 
turbed; d, readily available carbohydrates, undisturbed. 


TREND OF CARBOHYDRATES IN BINDWEED ROOTS AFTER CROP 
HARVEST OR CULTIVATION 


At the outset it was planned to study the trend of the food reserves 
in the roots of bindweed at short intervals of sampling after small-grain 
or other crop harvest and after one cultivation. 

Assuming that rapid and important changes might be taking place 
in the carbohydrate fractions early in the season which could not be 
detected in the biweekly series, root samples were collected at 4-day 
intervals from May 2 to May 25, 1936. Analyses showed, however, 
that reducing sugars, total sugars and acid-hydrolyzable substances 
remained uniformly constant. The data are given in table 3. There 
was a moderate decline in the starch content from May 7 to 13 which 
was recovered by May 17, followed by gradual accumulation until 
May 25. During the period May 2 to May 25 the total sugar content 
was about 1 percent higher than the starch content. 

Root samples of bindweed were collected at 4-day intervals for a 
period of 24 days after barley harvest. No unusual relationship was 
found between the several carbohydrate fractions (table 3), as a result 
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of the grain crop growing with the bindweed, nor did any striking 
changes take place after the barley was harvested. 


TABLE 3.—Variations in carbohydrate content (percent) of bindweed roots expressed 
on fresh-weight and dry-weight bases, 1936 


(Plants sampled at 4-day intervals May 2 to 25 and July 8 to August 1 (after barley harvest)]} 
MAY 2 TO 25 




































| 
A Readily 
| : 1. Acid-hydro- F 
; at Reducing Total | eae . available 
Date Basis | sugars sugars | Starch ? —. : prea 

hydrates 
May 2 1 ge weight ___- 0.48 | 1.90 | 1.22 3.10 3.12 
sis: AEE te tre Dry weight 3.01 | 11. 87 | 7. 60 19, 32 19. 47 
May 7 fanaa weight. . 65 | 2.19 | 1,36 3.05 3. 55 
hare ae Dry weight. - 4.15 | 13.98 | 8.68 19. 40 22. 66 
May 9 {Freah weight. : 51 | 1.91 93 3.10 2. 84 
were een Dry weight. _._.__- 3. 30 12. 37 6. 00 19. 95 18. 37 
May 13 {fF resh weight. __-_- - 65 2.15 . 90 2. 80 3.05 
rics, nse ads ata oe Dry weight...____- 4.43 14. 68 6.15 19. 08 20. 83 
May 17 | ge weight .......- . 59 2. 37 1.39 2. 97 3. 76 
2 aed aor Dry weight. .______- 3.75 | 15. 00 8.78 18. 78 23.78 
May 21 — weight ___- ail . 60 2. 28 | 1.55 2.71 3. 83 
oN ta Dry weight --____..- 4. 24 16.15 10. 96 19. 17 27.11 
May 25 Bry weight... ___. . 66 2. 25 1.65 2. 50 3.90 
tai ah tae Dry weight --.....-- 4. 48 15. 30 11. 28 16. 92 26. 58 

JULY 8 8 TO AUGUST 1 “(AFTER BARLEY HARVEST) 
| | 
July & {Fresh weight __ 1.10 3.33 | 4.37 3.51 7. 70 
oe 4 {Dry weight ee 5. 80 17. 63 21.03 16. 87 38. 66 
july 12 te sh weight. 1.06 3. 03 | 3. 80 3. 51 6.83 
a = Dry weight 5. 39 15. 43 19. 43 | 17. 92 34. 86 
july 16 ta sh weight 1.07 3.30 | 4.75 | 3. 68 8. 05 
iy se Dry weight... ____- 49 15. 20 21.94 16.95 37. 14 
July 20 {ee weight______- 1. 54 4. 28 4.74 3. 24 9. 02 
ouly = --!\ Dry weight. -...... 6.81 18.93 26. 50 13. 92 45. 43 
July 24 {Fresh weight_.____-- 2. 32 5.14 7.71 3. 49 12. 85 
1 Ease baa cae Dry weight _-......-- 9.10 22. 33 33. 56 13. 80 55. 89 
July 28 i dag weight.__.___-. 2.14 5.14 7.90 3. 85 13. 04 
ci demas ler ah at Repene ne ae > = * 4 29. 50 14 ~ - = 
resh weight_. sq . 96 6. 22 
August 1....--.-.-.- ti weight......... 5.24 18. 26.81 





3. 
15. 10 ee 45. 48 





Two series of collections, usually at 4- as interv ides were wali; in 
1937 in an effort to determine the extent of carbohydrate reduction 
after one cultivation. It was also believed that such a study would 
throw some light on the problem of carbohydrate relationships in 
regeneration. 

In the first series the plot was cultivated May 4 and sampling was 
started May 11, upon emergence of the first plants. A marked decline 
occurred in both the sugar and starch content 4 days after emergence 
as compared with the values at emergence (table 4 and fig. 5). This 
decline was followed by a slight increase during the next 11 days. 
From May 11 to June 3 the starch was 0.2 to 0.8 percent higher than 
the total sugars. A closer relationship between these two fractions 
was shown here than at any other place in the study. 

The first sample in the second series was collected 5 uly 29, when the 
plot was cultivated. Another sample was taken at emergence, and 
others (usually at 4-day intervals) thereafter for 24 days. Somewhat 
the same results were obtained at this time as earlier in the season. 
The total sugar content. was practically the same as in the earlier 
series but did not show as much fluctuation. The starch content at 
cultivation was about 234 percent of the early spring value and 
dropped rapidly until 4 days after emergence and was still declining 
gradually at the end of the experiment. 
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Figure 5.—Effect of one cultivation on the carbohydrate content of bindweed 
roots, 1937: A, Experiment performed in May; B, experiment performed in 


July. 


Sampled at emergence and at 4-day intervals for a period of 24 days: 


a, Total sugar; b, starch; c, acid-hydrolyzable substances; d, readily available 
carbohydrates. 


TaBLE 4.—Carbohydrate content (percent) of bindweed roots after one cultivation 
expressed on fresh-weight and dry-weight bases, 1937 


MAY SERIES 



































| | | Acid | Reedily 
Date Basis pine Starch |} haps te 
| Substances | drates 
: |sFresh weight... 2. 78 | 3.61 | 3.93 | 6.39 
May 1l._-_.----.---------- Dry weight_. | 16.45 | 18. 50 | 20, 10 | 34. 95 
‘ic an |{Fresh weight. | 1.11 | 1.43 | 3.79 2. 54 
=_ey 5a hag ale Ahab oP pon | 6. 97 8. 60 | 20. 23 15. 57 
|fFresh weight............_. 1.72 | 1.92 4.06 | 3. 64 
May 20..........-.------- {Dry weight. - 2-2 ---- 8.84 | 9.93 20.98 | 18.77 
| Fres be ae 1.91 2. 33 3.76 | 4. 24 
May 26..-.-..--.---------- \Dry weight. Eee IRE 10.98 | 13.00 21.07 | 23,98 
a fresh weight_...........-- 1.59 | 1.91 3. 43 | 3. 50 
May 20...........-------o- {Dry em aigaaeeaoen 9.74| 11.60 24. 18 | 21. 34 
June 3 coe weight___._- : 2. 42 | 2. 67 3.17 5.09 
ed ce er tee Le” ae ae 14.90 | 15.75 | 19. 70 | 30. 65 
AUGUST SERIES 

Ss Presh qwelght..-. =... 3.15 8.48 | 3.42 11. 63 
July 29....-.....---------- {Dey ——_—eatpranienantt 12.24 33.00 | 13,19 45 24 
Aus. 7 — 2a 2.95 6.75 | 3.8: 9.70 
oo on ag haemo Dry weight Bk se oe 12.06 22. 62 | 5.73 | 34. 68 
‘resh weight...._.....-_-- 2. 11 4.58 | 3.94 6.69 
AMG. 1B... ---0-----nnnn- {Dry SI Sip bibc soe 9.13 17.63 | 14. 15 26.76 
Aug. 16 ie a 2. 54 4.33 | 3. 50 6, 87 
ile ened acta Dry weight egaeepeae a 11.45 20.10 | 17.01 | 31.55 
fresh weight.............. 3.11 3. 87 | 3. 22 6. 98 
i Re: {Dry _(aReateaat | 127| 17.69} 14.70 | 18. 96 
Aug. 27 Ege ne. OE. | 2. 87 | 3. 52 2. 34 | 6.39 
cin: ody cea ci haatah fee Dry weight...._.__.------| 11.08 | 32. 10 11.75 | 43.18 
Aug. 31 | ae ce, TREE IES 2.98 | 3.53 | 3.13 | 6.51 
iaceere ser emmererg Ts Diy WHEL... 25-2. 05s 14.14 | 16. 75 | 15. 85 | 30. 89 
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In general, the trend of the carbohydrates after a single cultivation 
showed an expected decline 4 to 10 days after cultivation with only 


moderate change for the rest of the 24-day period. It was concluded, 
therefore, that 6 intervals of 4 days each was not sufficient time for 
the plants to recover from the set-back brought about by the culti- 
vation, and that subsequent investigation should be performed in a 
somewhat different fashion. 

The information gathered from the carbohydrate studies of 1935 
(5), 1936, and 1937 point also to the possibility of making total 
carbohydrate determinations, in certain studies at least, rather than 
attempting to fractionate the carbohydrates. 

In 1938 the study of the carbohydrate trend after one cultivation 
was made in the following manner: Samples were collected but instead 
of being preserved in alcohol, they were dried by forced ventilation 
in an oven at 70° C. The dry material was then ground to proper 
fineness and hydrolyzed with 1+20 (i. e., 1 ml. of concentrated 
hydrochloric acid plus 20 ml. of water) hydrochloric acid at 120° for 
1 hour, and determinations were made for reducing substances. 


TaBLE 5.—Total carbohydrates (percent) by acid hydrolysis! in bindweed roots 
after one cultivation, expressed on fresh-weight and dry-weight bases, 1938 


| 





Total carbohydrates || 


|Total carbohydrates 






























| by acid hydrolysis || by acid hydrolysis 
on basis of 1} on basis of— 
Date re ae a Date ciation 
Fresh | Dry | Fresh Dry 
weight | weight || weight | weight 
lian es : ee aa a ee ee Deo oe %, aa er eS ee eo Be | i pS eee 6 5 
June series | 1ugust series 

CS ee | 5. 35 33. 56 || Aug. 5 ? 13. 05 43. 62 
July 6 2. 82 30.25 || Aug. 26_-- ‘ . i 11.20 41.10 
July 11 | 2.99 32. 82 || Sept. 6. _- a i 9. 84 38. 20 
July 19_..-. | 3.08 Q 75 Sept. 23 r 10. 27 38. 05 
Aug. 3_.--- 3. 42 32. 20 | Oct. 1 10. 96 39. 98 
Aug. 9 | 3. 52 | 33. 90 | Oct, 3... 11. 84 42.09 


1 Analy sis for vient perwte drates made by acid seit sis of dry tissue and : Siete 2 made by 
the ceric sulfate method (6). 


These data are presented in table 5. In the first series shown 
in figure 6 A the plot was sampled June 29 at the time of cultivation, 
again at the time of emergence of the bindweed, and at irregular 
intervals for about 1 month. The second series was started August 5. 
Cultivation was unavoidably delayed until August 15, and samples 
were collected at irregular intervals after emergence until October 8. 
The carbohydrate content at the beginning of the second series in 
August (Fig. 6 B) was 244 percent of that in June. Although a 
reduction of 47 percent was found in the total carbohydrate content 
from time of cultivation until emergence in the June series, the total 
reduction in the August series was but 25 percent. Depletion con- 
tinued longer, however, at the later date, and the subsequent accumu- 
lation of total carbohydrates was relatively more rapid. 

The difference in behavior of the reserve food in the two experiments 
might be explained in the following manner: A certain quantity of 
reserve food is used for the synthesis of new protoplasts. Removal of 
food from a low initial reserve caused a greater net effect than later 
in the season when the reserve was higher. The prolonged reduction 
after cultivation observed later in the season was probably owing to 
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less favorable growing conditions. The limited growth checked the 
demand for reserves, and as a consequence the photosynthate accumu- 
lated rapidly in spite of the limited photosynthetic area. This 
accumulation then aided materially in increasing the already relatively 
large supply of reserve materials in the roots. 


NITROGEN VARIATIONS 


Studies of the organic reserves in a large number of crop plants and 
noxious weeds have been made by Aldous (1), Arny (2), Barr (4), 
Graber et al (9), Grandfield (10, 11), McCarty (19, 20), Nelson (24), 
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Ficure 6.—Effect of one cultivation on the total carbohydrate content of bind- 
weed roots, 1938: A, Experiment performed in June; B, experiment performed 
in August. 


Pierre and Bertram (25), Welton, Morris, and Hartzler (26), and 
others. With few exceptions, attention has been directed chiefly to 
investigations of the carbohydrates. It is well known that the 
reserve carbohydrates are important factors in plant growth, but our 
knowledge relative to the several forms of nitrogen as they occur in 
storage organs of weeds is limited. It seemed, therefore, that a 
study of the various nitrogen fractions might throw some light on the 
problem of regeneration and growth in bindweed. 

Analyses were made on the 1936 and 1937 root samples for nitrogen 
content. The dry material was analyzed by the Kjeldahl (3) method 
for colloidal or protein nitrogen. Determinations were made on the 
alcoholic extract for (1) ammonia and amide nitrogen according to 
Loomis and Shull (18), (2) amino nitrogen by the Van Slyke method, 
and (3) total nitrogen including nitrates by the modified Kjeldahl- 
salicylic acid method as described by Loomis and Shull (18). The 
data are given in table 6 and shown graphically in figure 7. 
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Table 6 and figure 7 show gradual but marked accumulation of 
colloidal nitrogen in the undisturbed plants from April to October. 
Cultivation held the colloidal nitrogen around 0.25 percent with very 
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Figure 7.—Nitrogen content of bindweed roots when undisturbed (A) and when 
cultivated at 2-week intervals (B), 1936: a, Amino nitrogen; b, soluble nitrogen; 
c, colloidal nitrogen. 





little change throughout the season. The data show that cultivation 
reduced the colloidal-nitrogen content, although frequency of cultiva- 
tion appeared to have no material effect. No important changes 
occurred in the soluble-nitrogen content in either cultivated or undis- 
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turbed plants. Traces of amide nitrogen and moderate quantities 
of nitrates and nitrites which showed no consistent variations were 
found. 


TABLE 6.—Seasonal variations in nitrogen content (percent) of bindweed roots, when 
undisturbed and when cultivated, expressed on fresh weight and dry weight bases, 
1936-37 

UNDISTURBED, 1936 


| Colloidal | TOM! | Amino 
nitrogen : he 


Series and date Basis ; 
| . ‘ore 
nitrogen | M!trogen 


“ s¥resh weight______- . 27 0.17 
Apr. 25 - \Dry weight._____- | 67 1.04 | 
2 fFresh weight __- | a .13 | 
May 9 \Dry weight.____..__.- ; . 84 | 
= Fresh weight____--_. .2 . 16 | 
May 25 - - - {Dry weight . | 2 .14 | 
Fresh weight . 22 | .12 
\Dry weight | a .85 
95 jFresh weight_. | a . 09 
June 22 weweene : \Dry weight __- : .79 | 
Fresh weight. F <a2 7 
. {pry weight. ___ } .59 
- Fresh weight_- - 15 
July 20 nar aa |e weight. _. : | 4 . 65 | 
\fFresh weight. ___- | .33 | my | | 
\Dry weight. | A 76 
|fFresh weight Lee | 235 «21 ] 
\Dry weight- 
an Fresh weight 
Aug. : (Ory weight. - 
sae ak \fFresh w eight. 
Sept. -|\Dry weight 
|fFresh weight 
|\Dry weight- - 
SE5e \f Fre sh weight 
Oct. 15 a; |\Dry weight_- 
Poe resh weight. 
Oct. 30 : {ire weight_._- 


June 8 
July 6 


Aug. 


Aug. 


Sept. 2 


CULTIVATED, 1936 


|{Fresh weight_. 
Dry weight_ 
Fresh weight. 
Dry weight. -- 

: Fresh weight 

June 22 Dry weight __- 


K 
i 
July 6 __- . iets — resh weight__ 
be 
{ 
{ 


May 25 


June 8 


Dry weight - - 
Fresh weight_- 
Dry weight_ -- 
Fresh weight _- 
Dry weight_ 
Fresh weight 
. Dry weight. __ 
— \(Fresh weight 
ae. : Dry weight_____- 
ie resh weight... an 
rr ie Dry weight - - 
Sept. 29_- We Koons weight_._- 


July 
Aug. 


Aug. 


Sept. 


Dry weight. 
Fresh weight 


Oct. 15 Dry weight __. 
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TABLE 6.—Seasonal variations in nitrogen content (percent) of bindweed roots, when 
undisturbed and when cultivated, expressed on fresh weight and dry weight bases, 
1936-37—Continued 


AFTER ONE CULTIVATION, 1937 


| 
ee ; Total 
> , Colloidal Amino 
Series and date Basis soluble . 
oge : Te 
nitrogen nitrozen nitrogen 





as < SD sense {fresh weight.....-----------] 3 25] 0.080 
Mig sR eo el ae 
eRe era im | legs 
wei euenenenneeemeetbnees |< encores | ee) 
PABY, PO 2-22-23 pee tieyhe alee AA) 197 oy 
Se Were |< oeeerccreg ee eee eae 





Second series: ; i 
0 s \fFresh weight____ 
July 29.....- - -----------l1 Dry weight. . 
Fresh weight 
Aug. - onapate (ie weight 
Fresh weight 
Dry weight 
Fresh weight. ._- 


Aug. 
Aug. 


: : {Dry weit eee 
ss ‘resh weight. 
Aug. ae eee sore, oe {ory weight. - 
dey weight 
Dry weight 
Ag weight 
----1\Dry weight -__. 


Aug. 
Aug. ¢ 








The most significant fluctuations were found in the roots collected 
at 4-day intervals after one cultivation. The soluble nitrogen content 
of the early-season (first) series (table 6 and fig. 8) was relatively 
high, having a value at the time of cultivation slightly above the 
colloidal nitrogen in the residue. The marked drop in both colloidal 
and soluble nitrogen is important and can be accounted for by the 
rapid utilization of nitrogenous compounds in the quick growth of the 
plants at that time of the year. The plot from which these samples 
were collected was cultivated on May 4 and showed profuse emergence 
on May 11 when the first sample of the series was collected. The 
marked fluctuation in percentage of colloidal nitrogen and _ total 
soluble nitrogen from May 11 to 20 is not understood. It seems quite 
probable that the initiation of new shoot growth would stimulate the 
digestion of stored proteins and thus reduce the percentage of these 
materials in the root tissue. Loomis (17) has shown that in woody 
plants initiation of shoot growth is correlated with a relatively high 
concentration of organic nitrogen compounds. 

If soluble organic nitrogenous compounds are related to shoot 
growth in bindweed, the transition of stored proteins to soluble 
nitrogen would account for the rapid drop in protein after cultiva- 
tion. Continued reduction of protein nitrogen for the next 10 to 
15 days would be expected since considerable vegetative growth 
occurred during that period. This behavior is also in harmony with 
the trends of the sugar and starch which suggest that photosynthesis 
after the new plants were well established was adequate to supply the 
carbohydrate needs for regeneration but not sufficient to allow for 
any accumulation. 
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THE EFFECT OF SODIUM CHLORATE ON THE ORGANIC RESERVES 
IN BINDWEED 








Observations made by a number of investigators (8, 14, 15, 21, 23, 
27) have shown that sodium chlorate is generally more effective as a 
weed killer when applied late in the summer and fall than at any time 
earlier in the growing season. Unpublished results of experiments at 
this station with whiteweed suggested the possibility that the effect of 
sodium chlorate could be increased by making applications subsequent 
to cultivation. It was assumed that the stimulation of physiological 
activities by cultivation would have an initial effect of reducing the 
reserve food. If, then, sodium chlorate were applied, the net result 
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Figure 8.—Effect of one cultivation on the nitrogen content of bindweed roots 
1937: A, Experiment performed in May; B, experiment performed in July: a 
Amino nitrogen; b, soluble nitrogen; c, colloidal nitrogen. 


should be greater than either treatment alone. It was further believed 
that the application of sodium chlorate previous to cultivation prob- 
ably caused the plant to become temporarily dormant which accounted 
for the observation that apparently better results were obtained by 
the addition of sodium chlorate subsequent to cultivation. 

It seemed, therefore, that experiments designed to study the root 
reserves as affected by sodium chlorate applied to cultivated plants 
at various dates through the year might yield results which would be 
of value in developing a plant of control. 

Several plots were selected which were uniformly infested with 
bindweed. A series of treatments was arranged so that sodium chlo- 
rate was applied to one plot June 1; another plot was treated July 1; 
another August 1, and so on until the middle of September. A similar 
series of chlorate treatments was made on plots cultivated at weekly 
intervals during the same period. Samples were taken when the 
chlorate was applied and also 1 month after its application. This 
arrangement provided a plan for the study of the root reserves as 
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affected by sodium chlorate when applied at various dates during the 
season and also of the effect of a combined treatment of chlorate and 
cultivation. 

Results of analyses showed that the carbohydrate content was held 
to a lower value by cultivation alone than by application of sodium 
chlorate alone. The data of tables 7 and 8 show also that sodium 
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Fic. 9—Carbohydrate content of bindweed roots as affected by date of appli- 
cation of sodium chlorate to undisturbed and to cultivated plots, 1936: A, 
Undisturbed; B, cultivated. 


chlorate was relatively less effective (in reducing the carbohydrate 
reserve) on cultivated plants than on those which were undisturbed. 
The data are shown graphically in the histogram of figure 9. It may 
be concluded from these data that the application of sodium chlorate 
to bindweed under clean cultivation resulted in no important reduction 
of carbohydrate content beyond the decline obtained by clean culti- 
vation. 
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TaBLE 7.—Effect of combined treatment with sodium chlorate and cultivation on 
the carbohydrate content percent of bindweed roots, expressed on fresh-weight and 
dry-weight bases, 1936 


SAMPLED AT TIME OF TREATMENT 
: init aaa 

















| Undisturbed plants | Cultivated plants 
| ee ERS Per ae, tA 
Date Basis ee Readily | »n.. | Readily 
| = | og | roa | av ailable 
| in carbo- | aorta carbo- 
hydrates hydrates | hydrates hydrates 
-|- ns PRP se: es eel ae SPERM TONE Ame ps 
“ge fresh weight. ee 9. 46 | 6. 06 6.45 
June 1 \\Dry weight. _- aie: 54.34 34.93 40. 57 | 
ied \{Fresh weight aN 9.76 | 6.56 5. 27 
5 Hedy |\Dry weight _- anos 51.39 | 35. 46 | 
Fresh weight 13. 66 | 6. 13 
Aug. 1 Dry weight : 60. 58 | 43.52 | 
\f resh weight. ; 13.97 | 7.25 | 
Aug. 31... Bd weight. ___. 69. 29 | 42. 36 | 
’ |{ Fresh weight. _- 16. 46 | | 
Sept. 16. --- Sita -|\Dry weight : 63. 62 
= Fresh weignt.............. | 18. 27 an 
Sept. 29...-..--. ee ite Podge 75. 14 ‘ 
me \fFresh weight-._--.-.-.--- : one 5. 87 2. 32 
Oct. 30. -..-.--.----------- {Dry weight..._.__.- a 1 ree 35. 22 13. 92 
eee SAMPLED 1 MONTH AFTER TREATMENT _ i 
, Fresh weight_- oval 3. 32 3.74 
June 39._--_.-------------- {bes weight. oer 20. 76 24.39 
\{Fresh weight. FBuE 5.74 3.38 
Aug. 6.--.-.--- pe {bry weight 34. 47 28. 06 
heii Si KB resh weight_- | 4.94 3.12 
ARE. Dry weight. ___- 24. 41 30. 63 
Oct. 1 Knees weight. 8. 25 3.01 
Pe ea erenn nae Swart |\\Dry weight. 39. 69 20.12 
\f Fresh weight. 8. 82 ie 
Oct. 15--- me weight. 12.06 
ee Fresh weight. 10. 82 ‘ 5 
Oct. 30. .--- PSWerenee bre weight __- 58.15 





| | | \ 


TABLE 8.—Effect of combined treatment with sodium chlorate and cultivation on the 
nitrogen content (percent) of bindweed roots, expressed on fresh-weight and dry- 
weight bases, 1936 


SAMPLED AT TIME OF TREATMENT 




















| | Undisturbed plants Cultivated platits oe 
Date | Basis | Colloidal | Solub!e | Colloidal | Soluble 
| nitrogen | nitrogen nitrogen nitrogen 
cog | ee rm. er Bee 
June tee-esenesneenee Deg weighs) |) | 
a \fFresh weight_.__..__------| 2B | By 31 ot 
July 6... -- \\Dry weight__- cae 1.51 | "50 1.45 1.44 
Fresh weight. eel . 33 mt i 21 215 
Aug. 1.-_-------------- (Bereta ae 1.45 . 76 1.48 1.13 
‘ resh weight.....___.....-| . 22 | 15 21 14 
Aug. 31......-.-.------ ‘Dry weight. reese 1, 26 71 1. 95 "$6 
. Fresh weight_- SOatcenbuel 31 15 
Sept. 16...... {Be weight. Lewes 1.21 | 61 
: ‘ resh weight..____- . 33 , ae * 
Sept. 20... -.-----.--- Bf fpr ng OTR UR 1.36 32 4 | 
a Fresh weight _. : : aire : ee 24 | 16 
Oct. 3-.- pie eesvente is ~-ltbey weight Keto Bi 1.54 | 1.00 
A esse ay SAMPLED 1 MONTH AFTER. TREA AT ME a TeetisyeeT 
a ee te te) eel ee 
\{Fresh weight____..____-- 7 16 | a .14 
Aug. 6...-.---------------- \bry weight Saree ye: 1.61 | 96 1,35 1.19 
\fFresh weight. _.__.----- 31 .16 . 20 me 
Aug. 31_...-.---.------ FE fa yg eeearens 1.84 82 1.31 | 1.12 
Oct. 1 nae weight... tases .37 20 . 20 . 08 
vi eda ns oe kd rie waiyeie et c= | Attn eae 1,76 .97 1.34 . 58 
Fresh weight_-__.......-.-- 39 .19 
Oct. 15. ..----.------------ \Drg weight. eae 1. 80 ‘89 
“or Fresh weight__...._.----- 3 eh ae ee rae 
Oct. 30..-..--------------- {hear gg oe eta 1.74 | Fs I Re soe LE Sag 
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The general trend of the organic reserves in the chlorated and culti- 
vated plants was essentially the same for 1937 as for 1936. 

Estimated regrowth based on observations made in June 1939 
indicated that from 50- to 75-percent eradication was obtained on 
uncultivated plots by the application of sodium chlorate in June, 
July, or August 1938 while 88- to 92-percent eradication was obtained 
by the September treatments. Approximately 65- to 7 5-percent 
eradication was obtained by the application of sodium chlorate in 
June, July, or August to cultivated plots, and 95 to 97-percent when 
applied in September. 


TABLE 9.—Effect of combined treatment with sodium chlorate and cultivation on the 
carbohydrate content (percent) of bindweed roots, expressed on fresh-weight and dry- 
weight, 1938.1 



































Date of cultivation | | | | As Acid- 
and chlorate treatment | Date | . Reduc- | Total dro- ——_ 
~ sampling! — | sages | ee ais iyo carbo- 
: hydrates 
Cultivated | Treated | | | | | stances 
| | |rPresh weight... 0.54| 1.20] 0.61] 3.18 1.81 
May 10 and June 7._-| May 10 \June 10 | ||Dry weight. 3. 83 8. 40 4.31 22. 41 12. 71 
POND boson 4s ark is | eee | [tg weight. r ~ in oe - 2 a 4 
| ry weig i se rf . 92 5 
} | (Fresh weight_- pj 2. 42 89 3. 67 3.31 
May 10 and June 7_- -| June 10 ‘\yul 10 Dry weight-- 7.27 | 15.03 5. 56 22. 80 20. 59 
WOM xle cane cacnan Sense y re welght.- ft : S : = +3 B ha | - e 
| Dry weight. - . DE 5. bs ‘ . 
A | Fresh weight_- | 2. 23 10. 53 2.01 3.46 | 12. 54 
May 10 and June 7__-| July 9 |loet 15 | Dry weight. _- 10.14 | 47.66 9.12 15.7 56. 78 
sel aaa ae Dry weight. .| 1490| 2nos| 1453 | 160s| 4281 
Ty weig Z : . 5s . 9 , 
Fresh =—.- 1.86 8. 64 2. 59 3. 22 11. 23 
Dry weight. 7.54 40. 44 12.15 15. 07 52, 59 
May 10 and June 7__-| Aug. 5 Dry weight_- 2.14 5.75 1.81 2.99 | 7. 56 
is Re ee _.do \\oet 22 | |) Dry weight. __ 11.31 30. 29 9. 62 15. 82 39. 91 
ay 10 and June 7__- 23 | | Fresh weight __ 83 5. 24 1.11 2. 73 an = 
OS Se eae aS |...do ||Dry weight. _- 4.18 26. 43 5. 59 13. 75 2. 02 
| Be || Fresh weight . 96 6.88 . 57 1,99 7.45 
| | |\Dry weight. - | 5.49 | 39.31 3. 28 | 11. 40 42. 59 








“4 Carbohydrates determined by use of ceric sulfate (6). Samples were taken at the time oi treatment 
and 1 month after treatment for the first 2 months; no samples were taken following the July, August, and 
September treatments until the end of the season in October. 

Table 9 shows the reducing sugars, total sugars, starch, and readily 

available carbohydrates. It should be noted that samples were taken 
at the time of treatments and 1 month after treatment for the first 
2 months, while no samples were taken following the July, August, 
and September treatments until the end of the season, in October. 
3 Results of experiments for the 3-year period 1936-8 consistently 
: showed no important reduction of carbohydrates when attempts were 
: made to weaken the plants by pretreatments of cultivation before 
applying chlorates. This is in accord with the observations made by 
Crafts (3) on resprouting of bindweed after hoeing and various herbi- 
: cidal spray treatments. 

Analysis of the dry residue for total nitrogen and the alcoholic 
extract for total soluble and amino nitrogen failed to give results indi- 
cating that nitrogen was significantly affected by a combined chlorate 
and fallow treatment. 


| RESERVES IN BINDWEED ROOTS AT END OF SEASON 


: In table 10 and figure 10 are shown reducing sugar, total sugar, 
starch and acid hydrolyzable values of bindweed roots collected at the 
end of the 1936 growing season from plots which were (1) undisturbed. 

235081—40-——4 
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(2) cultivated all season at emergence, and (3) cultivated 3, 6, 9, 12, 
and 15 days after emergence. The starch content of undisturbed 
plants was over 700 percent of that of plants cultivated at emergence. 
The sugar content on the other hand in the undisturbed plants was 
only 360 percent of that found in the plants cultivated at emergence. 
Cultivation reduced the acid-hydrolyzable substances and hexose 
sugars only moderately, as would be expected since the acid-hydrolyz- 
able materials do not constitute a readily available reserve and hexose 
sugars are present only in small quantities. Although more frequent 
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Fig. 10.—Carbohydrate content of bindweed roots when undisturbed and when 
cultivated at emergence and 3, 6, 9, 12, and 15 days after emergence, 1936, 


sampled in October: a, Reducing sugars; b, total sugars; c, starch; d, acid- 
hydrolyzable substances. 


cultivation aided materially in diminishing the regeneration and per- 
sistence of the weed, it seemed to have no practical advantage over 
the less frequent cultivation (6, 9, 12, or 15 days after emergence) in 
reducing the values of the various carbohydrate fractions. These 
results are in close agreement with those reported in an earlier paper 
(5). The carbohydrate content of the roots of plants cultivated to a 
depth of 6 inches showed no important variation from that of plants 
cultivated to the depth of 3 inches. Data on this problem are meager, 
but it would seem that the advantage of deep cultivation for the pur- 
pose of reducing root reserves is open to question. 

The clean-cultivation program started in 1936 was continued 
through 1937 and 1938. Emergence of the plants was somewhat 
retarded, and the time between cultivations increased for all the tests. 

By October 1937 only a few scattered plants continued to emerge, 
and the quantity of roots which could be collected was so small that 
in some cases analyses could not be made. A small area of bindweed 
persisted, however, covering portions of two adjoining plots well into 
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the 1938 season after 3 years of clean cultivation at intervals of 6 
and 9 days after emergence. Roots were collected, of which the 
analyses showed that the total sugar content was about 2.5 percent 
and starch about 1 percent. 


TaBLE 10.—Effect of cultivation on carbohydrate and nitrogen content (percent) of 
bindweed roots, expressed on fresh-weight and dry-weight bases, 1936 











: Read- 
Acid- |”; 
Re- hydro- ewe Col- “ Amino 
, “ee : duc- | Total lyza- loidal re 
When cultivated Basis Starch able A ble | nitro 
ing |sugars ble carbo- nitro-| nitro-| gen 
sugars sub- y- gen gen 8 
stances drates 
er Fresh weight..| 1.92] 5.77] 8.48| 4.02 | 14.25] 0.33] 0.12] 0.102 
Undisturbed.....-..-------. {Dry weight. 7-91 | 23.09 | 34.90 | 16.55 | 58.50] 1.36] .32] 42, 
: resh weight..|_. ee ies: i (eae ss 

At emergence (3 inches) -.-_- {Dry weight.--| 1.56 | 9.26 | 6.90 | 23.35 | 16.16 | a.27 | 1.26) 15, 

resh weight.) .14) 1.17] 1.15] 3.55| 2.32) 124] .14 
3 days after emergence. --. .- {Dry weight--.) -86] 7.02] 6.90 | 21.30] 13.92] 1.49] 85) .35 
Fresh weight..| . 1.89] 1.36] 2.81! 3.25| .19| :14] :085 
6 days after emergence... --- {oy weight. --| 1.60 | 15.23 | 10.90 | 19.40 | 26.13 | 1.52) <57 | 49 
Fresh weight -- ell -80} 1.50] 3.24) 2.30 21 -10 . 094 
9 days after emergence... thes weight. | 08 | 479 | 9:03 | 19.45 | 13.82] 1-30) 60 | .28, 
Fresh weight..| .10| 1.88] 1.27] 2.92] 3.15] .25] :11| 08 
12 days after emergence... .. \bry Weight} 1.36 | 25.86 | 7.00 | 16.00 | 92.86 | 1.38 | 65) 45, 
resh weight.| .10| 1.85| 1.97| 3.12] 3.12] .19| 10 5 
15 days after emergence -.- - {or weight...|  .77| 11.50 | 7.94 | 19.42] 19.44] 1.18] [67| :33 
9 days after emergence (6 |fFresh weight..| .03 | 1.40] 1.05] 3.90] 2.45 . 20 ll . 073 
inches). Dry weight._.| .17| 8.25 | 5.62 | 20.80 | 13.87| 1.06| .62| .38 


















































The relatively high carbohydrate content clearly indicates move- 
ment of food from the deeper roots, since continued clean cultivation 
for the 2-year period had allowed no photosynthesis to take place. 
The results obtained here are not to be confused or, perhaps, even 
compared with results ordinarily obtained, since this is a single 
exceptional case of persistent regrowth. The behavior of the plants 
on this small area was very unusual and unexpected even after one 
season of clean cultivation. No explanation other than a possible 
varietal difference or peculiar soil condition can be offered to account 
for the persistence of the plants on the area in question. 


SUMMARY 


The carbohydrate and the nitrogen content of the roots of bindweed 
(Convolvulus arvensis L.) as affected by various cultural methods and 
chemical treatments were studied, and the results of experiments 
covering 3 years’ investigation are reported. Data are presented to 
show the seasonal trend of the reducing sugars, total sugars, starch, 
and acid-hydrolyzable substances, for undisturbed plants and for those 
cultivated 9 days after emergence. The maximum reducing-sugar 
content did not exceed about 2 percent of the fresh weight of the roots 
of undisturbed plants. Total sugars reached a maximum of about 7 
percent in late October, with a mimimum value in May. 

The percentage of starch increased gradually, reaching a maximum 
in August or September, followed by a sharp decline conicident with 
a rapid increase in percentage of total sugar. This behavior suggests 
the shift of polysaccharides to soluble carbohydrates which commonly 
occurs in plants during the cold season. Cultivation of the plants at 
2-week intervals held the total sugar and starch content each to about 
1 percent. The readily available carbohydrate accumulation in the 
roots of cultivated plants was reduced to 2.30 percent, which was 16 
percent of that of undisturbed plants. 
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One cultivation the first part of May 1937 reduced the sugar and the 
starch content to about 2 percent each, while cultivation the latter 
part of July reduced the starch content almost 50 percent without any 
important effect on the total sugars. Similar experiments in 1938 
showed comparable results, indicating the advantage of early fallowing. 

The colloidal nitrogen in the roots of the undisturbed plants showed 
gradual increase from May until the last of October. Cultivation 
checked this accumulation. The total soluble, amino, amide, nitrate, 
and nitrite nitrogen fractions showed no consistent variations. On 
the basis of the results obtained for total nitrogen and nitrogen 
fraction determinations it would appear that the importance of nitro- 
gen in a study of root reserves in bindweed is open to question. 

The carbohydate content was held to a lower value by cultivation 
than by application of sodium chlorate. 

A combined treatment of sodium chlorate following early-season 
cultivation did not increase the effectiveness of the chlorate in reducing 
the carbhoydrate reserve. 

Fall applications of sodium chlorate to uncultivated plants were 
relatively more effective than early applications in reducing the root 
reserves and in controlling the weed. 

Plants cultivated systematically all season at emergence, and 3, 6, 
9, 12, or 15 days after emergence were uniformly low in starch con- 
tent, 1 to 2 percent, as determined by taka-diastase digestion. The 
data showed that cultivating at emergence had essentially no greater 
effect than the less frequent cultivations in reducing the carbohydrate 
content of bindweed roots in the top foot of soi!. 
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DIAMETER RELATIONSHIPS OF WOOL FIBERS FROM FIVE 
BREEDS OF SHEEP RAISED IN SOUTH DAKOTA! 


By BarsBara BaILey ? 
Research assistant in home economics, South Dakota Agricultural Experiment Station 


INTRODUCTION 


Average fiber diameter, its variability, and fiber contour are impor- 
tant factors in the grading of wool fiber and fleeces, inasmuch as the 
present wool-grading system is based on fiber diameter. While aver- 
age diameter may indicate, in general, the grade of wool, the calcula- 
tion of the deviation from the average is required to evince uni- 
formity of fleece or sample. The third factor mentioned, fiber con- 
tour, has been pointed out by Barker (3, pp. 169-179) * as influencing 
the spinning qualities of wool fiber. 

As part of a study of fabrics manufactured from wool from five 
breeds of sheep raised at the South Dakota Agricultural Experiment 
Station, fiber studies have been conducted on samples from three 
locations on each fleece. The results of these studies are reported 
herein. The details of sampling are given in the section on methods 
and materials. 


REVIEW OF LITERATURE 


Measurements of fiber diameter have been made by three methods: 
The weight-per-unit-length, the caliper, and the optical method. 
Krauter (10) in a paper published in 1929 presented an extensive 
review of the methods which had been used up to that time. Roberts 
(12) discussed in detail the weight-per-unit-length method which 
depends upon the fact that wool fiber practically always has the same 
specific gravity. Burns and Koehler (6) and later Burns (5) described 
the use of micrometer calipers for determining fiber diameter. 

The optical methods which are now generally employed are of two 
types. The first, which was developed by the Wool Industries 
Research Association in England, is now recognized as official by the 
International Wool Textile Organization. In this case a small number 
of fibers are cut into very short lengths throughout the entire length 
of the fibers. Thus the measurement takes into account any variation 
in diameter that may exist along the length of the fibers. This 
method has been described in detail, and its applications in the study 
of various British breeds of sheep are reported by Wildman (17), 
Stanbury and Daniels (16), and Wildman and Daniels (18). 

The second method, which is being widely used in the United States, 
is the so-called cross-section method and is recognized as an official 
method by the American Society for Testing Materials (2). Sidey (14) 

! Received for publication May 18, 1939. Journal Series 113, of the South Dakota Agricultural Experi- 
ment Station, Brookings, 8. Dak. 

2 The author wishes to express her gratitude to Dr. F. R. Immer, professor of agronomy and plant genetics, 
University of Minnesota, for his assistance with the statistical analyses of the data; to Barbara Webster, 
former student at South Dakota State College, who prepared the microscopic slides; and to Dr. 8S. P. Swen- 


son, associate professor of agronomy, South Dakota State College, for reviewing the manuscript. 
3 Italic numbers in parentheses refer to Literature Cited, p. 425. 
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reported a cross-section study of New Zealand Romney and Corriedale 
wools in 1931. In this case the fibers were embedded in paraffin 
and a microtome was used for preparing the cross-section slides. 
Recently rapid cross-sectioning devices have been described by 
Hardy (1, 8) and by Schwarz (13). The cross-section procedure for 
diameter measurements has the advantage over the International 
Wool Textile Organization method in that it is possible to determine 
fiber contour in the same operation. This advantage becomes of 
particular importance in breeding work where it is desired to select 
animals which approach the ideal ratio of 1:1.20 (3) between the 
greatest and least diameters of the fibers. It is not possible, how- 
ever, to record the diameter at more than a limited number of points 
along the length of the fiber. 

An extensive study of fiber-diameter measurements was conducted 
by Bosman (4) on South African Merino sheep. One thousand 
samples were selected at random, involving 250,000 fibers. The fibers 
were cut into small clippings at 8 to 10 places along the fiber length 
and mounted, and width measurements of the longitudinal clippings 
were made. Eighty percent of the samples were 60’s to 100’s, and 
11 percent were 120’s to 150’s. 


METHODS AND MATERIALS 


The procedure used to secure the fiber-diameter measurements is a 
modification of the cross-section method recommended by the 
American Society for Testing Materials (2). Samples of wool fiber 
were taken from the shoulder, middle, and thigh at one side of each of 
five different breeds of sheep—Hampshire, Rambouillet, Shropshire, 
Southdown, and an experimental crossbred. These sheep were 
selected from the flock of the department of animal husbandry of 
South Dakota State College. Five sheep of the Hampshire, South- 
down, and crossbred breeds were sampled in 1934, six of all breeds in 
1935, and nine additional crossbreds in 1938. All samples were 
thoroughly cleaned with carbon tetrachloride and hand-carded to mix 
them thoroughly. Representative samples were taken from the 
cleaned fiber and stained with a saturated solution of picric acid. 
Hardy’s device (1) was used in preparing the cross-sectional micro- 
scopic slides. All samples were prepared so that the fibers were meas- 
ured at the midpoint of their fiber length. The cross-section mounts 
were placed on a microscopic stage set at right angles to the base, and 
by the use of strong artificial light their images were projected onto a 
ground-glass plate placed at such a distance from the microscope that 
each fiber section was magnified approximately 600 times. Two 
hundred fiber sections were measured with a calibrated wedge at their 
greatest and least diameters at right angles to each other and to an 
accuracy of 1 micron as recommended by the American Society for 
Testing Materials (2). From these results the average diameters and 
the relationships between the two dimensions were calculated. 

In order to draw reliable conclusions, statistical methods were 
employed in the analyses of the data. The mean diameter and 
contour ratios were determined, and the standard deviation was 
calculated to furnish a measure of the variability. The analysis of 
variance as developed by Fisher (7) was used throughout this study. 
The x? test for homogeneity of errors was applied by using the 
formula suggested by Snedecor (18). 
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EXPERIMENTAL RESULTS 


In presenting the data of the five breeds of sheep studied, it is 
recognized that the results obtained are not necessarily representative 
of these breeds as they exist universally. It is felt, however, that the 
data are useful in indicating the type of variation in fiber diameter 
and fiber contour among individual sheep, within a breed group, 
which may be expected when working with material of a similar type. 

The usefulness of the data for this discussion becomes apparent in 
studies of the type for which the material was originally intended; i. e., 
in the study of the wool fiber used in the manufacture of experimental 
fabrics from fleeces of known origin. It also serves to indicate 
differences which may be expected in fleeces of sheep of the same breed, 
and in fleeces from sheep of different breeds. Descriptions of breeds 
and the variations to be found may be of aid to the wool grader. 

In table 1 are listed the sheep of each breed studied and the average 
diameter and average contour of 200 wool fibers from each of three 
locations on each sheep; i. e., shoulder, middle, and thigh. The 
variability of these measurements is reported as the standard devia- 
tions of single observations. 

An examination of the data in table 1 shows that there were wide 
variations in fiber diameter and contour between sheep within a 
breed, even for a given location in the fleece. The correlation coeffi- 
cients for testing the association between the means and standard 
deviations for fiber diameters within breeds at the various positions 
on the fleece were calculated and tested for homogeneity according to 
Rider’s method (1/1) by means of the formula: 


(S(n—3)2)" 


2— O(n —* pon ; 
x7=S(n—3)Z S(n—3) 





where 
Z=1/2 loge jus 


1—r 


These correlations were found to be homogeneous, and the average 
correlation obtained from the weighted mean of Z was r = +0.371 
Since Z is 4.23 times its standard error it is highly significant, and the 
average r (0.371) must be highly significant also. 

The standard deviation of the thigh portion of the fleece was lower 
than that in the other portions of the fleece studied in the case of one 
each of the Rambouillet and Shropshire fleeces. The Rambouillet 
fleeces were smaller, on the average, in diameter at the middle portion 
than at the shoulder; and the crossbred fleeces were very slightly 
smaller, on the average, in the shoulder than in the middle portion. 
The Shropshire fleeces throughout the three portions were most 
uniform of the breeds studied, and the Southdown fibers were appre- 
ciably larger at the thigh than at the shoulder and middle sections. 
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TABLE 1.—Average diameter, average contour ratios, and standard deviations o 


single measurements of 200 wool fibers from each of 3 sections of fleeces from & 
breeds of sheep 































































































Average 
Sample Average | Standard fiber- Standard 
Breed and section of fleece No. diameter | deviation!|} contour | deviations 
ratio 
Microns Microns 

1-34 24.71 5.53 1.24 0. 152 

1-35 26.72 5.94 1.31 . 194 

2-35 26. 80 6.06 1,23 .176 

2-34 27. 74 7.09 1.30 -175 

Hampshire: 3-35 29. 09 6.13 1.36 . 250 
Shoulder 4-35 29, 23 4. 59 1. 36 . 204 
3-84 31.02 4.89 1.27 .149 

4-34 31. 88 6.16 1, 28 . 166 

5-35 34. 06 7.04 1.37 .217 

6-35 34. 96 6.24 1.36 :201 

5-34 36. 89 5-71 1.42 . 232 

Average ee ah Sell eee esd 30. 28 5.991 1.32 . 1951 
at aa cael ee oe 

1-35 28. 16 6.61 1.34 1215 

2-35 29. 97 5. 38 1. 28 . 194 

2-34 29. 61 7.60 1.30 . 202 

3-35 36.05 6. 43 1.46 .313 

OTS ae oe age ! 4-35 32. 94 5.71 1.40 . 197 
3-34 38. 68 9.06 1.33 .191 

4-34 33. 49 6.14 1,31 . 186 

5-35 33. 64 6. 30 1.38 . 263 

6-35 33. 38 6.11 1.42 . 273 

5-34 35. 47 6.10 1. 36 . 233 

SESS aes eee, Cube A ae a: 32. 51 6. 56 1.35 . 224 
1-34 29, 20 6.54 1,27 . 163 

1-35 29. 52 7.15 1.32 .177 

2-35 31. 28 6. 52 1. 34 . 189 

2-34 37.78 9.78 1.40 241 

3-35 38.05 7.97 1.47 . 269 

OEE SO tS dled hy Re 4-35 36. 59 7.98 1.44 : 268 
3-34 38. 46 8.00 1.36 . 229 

4-34 35. 86 7.27 1.33 . 212 

5-35 37.84 8.99 1.43 294 

6-35 41.10 6.39 1.38 . 203 

5-34 38. 28 10. 42 1.31 . 205 

Average. ....--..._- UR Ero acmecean: WSR 28 35.81 8.32 1.37 . 226 
1-35 19.82} 2.86 1.26 135 

mete 2-35 21. 26 3.88 1, 22 . 165 

] Rennestint: 3-35 22. 68 4.51 1. 25 137 
Shoulder. ..---..-...-.... Steeetee 4-35 23. 84 5. 29 1. 27 .151 
5-35 24, 42 3. 76 1. 28 £195 

6-35 26.46 3.73 1. 33 . 202 

PIDs coc cmeietnc Soe <i 23. 08 4.07 1. 27 - 166 
:° eee a “1.21 .118 

2-35 20. 84 3.21 1.30 . 163 

; 3-35 21.78 3. 20 1.27 .152 
Middle.......--..------.-------------- -35 21. 62 5.33 1.29 "193 
5-35 22. 53 4.26 1. 25 .151 

6-35 23. 66 3. 26 1.29 . 166 

ERS RE eer wR LA Sea 21.91 3.85 1. 27 158 
1-35 23. 58 3.47 1.25 . 135 

2-35 24.13 5.78 1. 25 . 164 

Thich 3-35 22, 24 3.98 1. 33 . 223 
Mg --.~---------n=----- Wie ars te 4-35 27.04 4.93 1. 32 . 228 
5-35 21. 24 4.44 1, 25 .174 

6-35 27. 58 3.99 1.38 . 240 

(ERS S Sa Ae Nt ape ale RSPEEE CT 1-9 Otome iY 24. 30 4. 50 1.30 . 198 
1-35 28, 24 70, (8 241 

. ae 2-35 29. 19 6.80 1.30 .173 
—— 3-35 30. 26 7.27 1.36 202 
ae aa el ee 4-35 30.00 6.93 1.34 . 203 
5-35 32.99 7.38 1. 38 . 216 

6-35 35. 50 6.78 1.49 . 299 
ee 31.03 7.05 1.38 . 226 

















' Average standard deviations were obtained as an avel 
ard deviations and extracting the square root. 


rage within fleeces by averaging the squared stand- 
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TABLE 1.—Average diameter, average contour ratios, and standard deviations of 
single measurements of 200 wool fibers from each of 3 sections of fleeces from 5 


breeds of sheep—Continued 





































































































dard — Standard 
Standar r- andar 
Breed and section of fleece deviation | contour | deviation 
ratio 
Microns 
6. 24 1. 47 0. 234 
6.77 1.31 . 233 
Middle va + pa 
7.31 1. 46 282 
7.43 1.42 243 
Average . 7.18 1.40 . 242 
3. 7.78 1.48 - 262 
5 6.35 1. 32 - 205 
Thiet 33. 38 6.62 1, 45 275 
Phigh.-.-..---. 33. 75 7. 66 1. 36 . 211 
38. 42 7. 27 1.47 . 263 
33. 98 6. 63 1. 39 . 238 
WIR ies eS kaxnis wonanasamoas 33. 64 7.07 1.41 . 244 
26. 66 6.17 1.31 - 199 
28. 48 6.94 1.30 - 202 
29. 22 6. 56 1.18 - 107 
30. 32 6.46 1.2 -213 
Southdown: 30. 67 5.18 1. 28 .174 
PMNS Oi cudeGaoumstennsccessbonee 31.05 6. 35 1, 26 - 183 
31. 05 5.31 1. 26 . 187 
31. 87 6. 73 1, 26 - 162 
33. 63 7. 22 1. 33 . 209 
. 6. 63 1. 28 .174 
34.11 6. 32 1, 27 172 
DE ois 6 Sonus hedcousekareek 31.00 6. 38 1.27 . 182 
30. 00 7.55 1.28 . 194 
30. 43 7.2 1.27 -170 
30. 6.78 1.22 - 136 
30. 62 6. 26 1. 26 . 213 
31.30 6. 36 1. 26 - 161 
RN ioe vinta coakcbGcsueeceaseels 32. 24 6. 84 1.31 . 232 
31. 52 5. 60 1,32 - 153 
31, 44 7.44 1, 29 .174 
30. 72 6. 68 1. 28 -170 
32. 19 6.72 1. 29 . 204 
35. 25 7.18 1. 25 . 167 
SID ictineiee SNe aia Jase woedoues 31. 50 6.81 1,27 - 182 
33. 30 8.16 1.32 218 
33. 00 8.01 1.36 - 228 
33. 08 8.98 1. 26 . 168 
30. 78 7.39 1.28 179 
33. 42 8.90 1,29 .191 
| SERS a econ am cars De 40. 66 10. 18 1.34 . 214 
35. 34 8. 56 La . 154 
39. 04 11.31 1. 29 . 190 
42. 39 9.42 1.40 . 218 
36. 12 12. 27 1.35 . 229 
49. 95 12. 66 1.36 . 223 
MD sarandsncisucuvarsacsaimcate 37.01 9.77 1.32 . 203 
21. 13 3.40 1,19 -110 
24. 34 4.35 1. 20 - 138 
24. 43 4.40 1. 26 -151 
24. 54 4.85 1, 29 - 165 
24, 85 4.93 1.2 . 167 
24.86 4. 23 1.27 .149 
26. 10 4.51 1.24 . 153 
Experimental crossbred: = “ . 2 ° 2 a4 
Shoulder... .....--.------------------- 26, 93 4.04 1.27 °170 
26. 94 4.62 1,27 - 165 
27.01 5.80 1.25 .170 
27. 28 5. 88 1,24 . 146 
27. 84 3. 56 1,22 . 139 
28. 83 5. 54 1.33 206 
29. 33 4.81 1.28 . 143 
29. 72 6.18 1, 26 . 159 
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TABLE 1.—Average diameter, average contour ratios, and standard deviations of 
single measurements of 200 wool fibers from each of 3 sections of fleeces from 5 
breeds of sheep—Continued 








| | Average 
rr = Sample Average | Standard | fiber- Standard 
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When the ratios between the two diameters of the fiber were calcu- 
lated, it was found that in most instances the values for contour were 
appreciably higher than that given by Barker (2) for the ideal fiber. 
This was particularly marked in the case of the Shropshire fleeces. 
With the exception of the crossbred, approximately half of the fleeces 
showed progressively increasing contour ratios as the average fiber 
diameter of the three portions of the fleeces increased, while in the 
remaining half there was no relationship between these two factors. 
In the case of the crossbred fleeces, two-thirds of the fleeces exhibited 
increasing rations as the diameters increased. In any one breed, 
however, the fleeces with the lowest diameters did not necessarily 
have the lowest fiber-contour ratios. 

In order to determine whether the variability of the fiber diameter 
or contour measurements for separate locations on the fleeces of in- 
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dividual ee within a breed were see the x? test for homo- 
geneity of errors, given by Snedecor (15), was applied to the data. 
The results are given in table 2. 


TaBLE 2,—Analyses of errors of diameler and countour measurements for the different 
breeds of sheep by means of the x? test for homogeneity 





x? for— 
Degrees of 
freedom 





Shoulder Middle Thigh 








Diameter: 
Hampshire halt Are ao suena Decaresca 165. 91 1118. 62 1120.92 
Rambouillet___ iss aa eta é 1 83.16 1122.75 168.77 
Shropshire. - setiiat otipast seine oars ; ‘: jacae é 2. 53 212.91 214.44 
Southdown. ._.- SNesvpeeans- Jo eause 1 34. 86 1 26. 82 1 140. 63 
E xperimental crossbred.......__.- wd 1 186. 93 1 269. 7 1 639. 99 

Contour ratios: 
og ors no nhs os eae ae 1109. 57 1 196. 1 138. 42 
Rambouillet Sa 5 fons ae f 161,54 144, 1 83.71 
piromeeee....-.--.--.; Pelicans Saou ! 184. 53 1 35. 26 127.48 
Southdown..-.--. 4 eee | 181. 54 1124. ! 161.01 
Experimental crossbred_......--..---- pe tluoestd f 1 249. 61 1155.75 1 249. 61 




















1 Exceeds the 1-percent level of significance. 
2 Exceeds the 5-percent level of significance. 


It is seen that x”, when applied to the error variances of the diameter 
measurements, is significant in all instances except at the shoulder in 
the Shropshire breed. The fleeces representing the Shropshire breed 
were the most homogeneous, and those of the crossbred the most 
heterogeneous. In the Southdown breed considerably greater varia- 
tion was found in the thigh than in the shoulder and middle portions 
of the fleeces. 

When the x? test was applied to the error variances of the contour 
measurements of these same fleeces represented by the same fibers 
as were measured for diameter, the results again indicated that all of 
the fleeces representing each breed were heterogeneous. If all of the 
breeds are considered, it is noted that no one portion of the fleeces 
was more homogeneous than the others throughout the series. Jn 
two of the breeds the thigh sections were most homogeneous; in two 
others, the middle; and in the fifth breed, the shoulder sections of the 
fleeces. 

It is apparent that variability between both fiber diameter or 
contour measurements of different sheep within a breed was greater 
than could be explained by chance, when 200 fibers were measured 
at a given location, except for diameter at the shoulder portion of the 
Shropshire breed, where only six sheep were involved in the test. 

In the calculations of analyses of variance, homogeneity of the 
errors of the source material is assumed. As is shown in table 2, the 
fleeces of the five breeds studied did not exhibit this characteristic. 
Since, however, the data on homogeneity are the only ones which were 
available to describe the breed, they have been employed for the 
analyses of the diameter and contour measurements of the sheep 
within breeds. It was recognized, however, that the variability of 
the individual fiber measurements of different sheep was not of a 
homogeneous nature. In table 3 are shown the mean squares for 
sheep and fibers within fleeces (error) of the diameter and contour 
measurements. Differences between fiber measurements of the sheep 
within a breed were highly significant in all instances, 
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Table 3 shows that in the case of the mean square values for varia- 
tion due to error, the values for the diameter measurements increased 
in progressing from the shoulder to the middle to the thigh in the 
Hampshire, Southdown, and crossbred breeds. The errors were 
lower in the middle portions of the Rambouillet, and practically the 
same in the three sections of the Shropshire breed. Because of the 
differences in mean square values for the various portions of the several 
breeds, it is not possible to group them and report one value as char- 
acteristic of the Said. The only instance where it would be possible 
to report one value for breed is in the case of the Shropshire. 

The same type of relationships between the errors of the shoulder, 
middle, and thigh sections of the various breeds is found in the fiber- 
contour ratios, also shown in table 3. 


TABLE 3.—Analyses of variance of the diameters and contour ratios of wool fibers 
from 6 breeds of sheep, variability between sheep being measured within years 





Fiber diameter Fiber contour ratios 





Variation due to | Variation due to | Variation due to | Variation due to 
Section of fleece and breed sheep iid sheep — 





Degrees 
of free- 
dom 


Degrees 
ot free- 
dom 


Degrees 
of free- 
dom 


Degrees 
o, free- 
dom 


Mean 
square ! 


Mean 
square 


Mean 
square ! 


Mean 
square 





Shoulder: 

Ham 3, 279. 89 i 0. 03801 
1, 112.00 $ ‘ . 02770 
Shro: i 1, 437. 00 \ 3 - 05105 
461. 67 5 > - 03327 


1, 265. 06 7 , . - 02362 


. 05008 
02514 
- 05874 
- 03300 


02872 


§ 3, 520. 44 ! . 18 | é . 05122 
Rambouillet Ae comet t 1, 296. 20 : i 2 . 03909 
Shropshire___. a 5 1, 739. 20 50. SA. . 05946 
Southdown A § 3, 237. 00 95. 4! q ; - 04108 


























2, 087. 88 , . . 3, - 04710 





! All F values exceed 1-percent point. 


The ratio of variation due to sheep to variation due to error (F) 
was proportionally higher for diameters than for contour. Thus, 
while in the contour studies, all of the values for F were highly signifi- 
cant at the 1-percent point, the results were lower than those found in 
the case of the diameter. The sheep varied relatively less in contour 
of fiber than in diameter. As was shown for the diameter studies, it 
is impossible to assign one value for contour as characteristic of the 
breed except in the case of the Shropshire. 

In table 4 are given comparisons of the differences between mean 
fiber diameters and mean contour ratios of the different breeds for a 
specified location on the fleece. For such comparisons the mean 
squares for sheep within breeds were used to determine the significance 
of differences between the means of different breeds. The ¢ test (7) 
was used for testing the significance of such differences. 
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In the case of the differences between means of the diameter 
measurements, the differences were found to exceed the 1-percent 
point in the ¢t test where comparisons between the Hampshire and Ram- 
bouillet and the Shropshire and Rambouillet fleeces at the shoulder, 
middle, and thigh; the Southdown and Rambouillet at the shoulder 
and thigh; the Southdown and crossbred at the shoulder and middle; 
the crossbred and Rambouillet at the thigh and middle; and between 
the crossbred and all other breeds at the middle portions of the fleeces. 
The Rambouillet and crossbred, and the Shropshire and crossbred 
were significantly different at the 5-percent point at the shoulder, 
and the Shropshire and crossbred and the Shropshire and Southdown 
at the thigh portion. 

When the contour ratios were studied, the differences were signifi- 
cant at the 1 percent point in comparisons of the Rambouillet and 
Shropshire, the Shropshire and Southdown, the Shropshire and cross- 
bred, and the Rambouillet and Southdown at the middle portion of the 
fleeces; and the Rambouillet and Shropshire, and the Hampshire and 
crossbred at the thigh. The Shropshire and Southdown and the 
Shropshire and crossbred showed significant differences between 
means at the 5-percent point at the shoulder portions; the Hampshire 
and Southdown, and the Hampshire and crossbred at the middle; 
and the Shropshire and Southdown, the Rambouillet and crossbred, 
and the Hampshire and Rambouillet at the thigh portion of the fleeces. 

The accuracy with which the mean fiber diameter and contour of a 
breed can be specified depends on two components, the variability 
among sheep within a breed and the number of fibers measured per 
sheep. To demonstrate this relationship the data of the fibers from 
the shoulder section of the crossbred sheep are employed. The cross- 
bred was chosen because a greater number of measurements were 
made for this breed and the values of the mean squares for error were 
relatively low. The mean error variance of the breed was 1,265.06 
(table 3) divided by 4,000 or 0.3163. From these data the number of 
fibers necessary to measure from each fleece, if the number of fleeces 
were doubled, was then estimated (table 5). The formula used was 
one given by Immer (9). 


TABLE 5.— Estimate of number of fibers to be measured on shoulder section of cross- 
bred breed when mean error of breed is specified 


| 
Fibers re- 

quired from 
each sheep 


Meanerror | Sheep to be 


Measureme 
easurement for breed measured 





Number Number 
Average fiber diameter_....__.-._.____- z : eect 40 “—. 


- . . R 5f 20 200.0 
mere er CONROE FEI0. 1... .c5 oo ete. cc se 4 40 26.0 














The great variability between the means of the sheep compared with 
the comparatively much lower variability between fibers on the same 
sheep permits a much reduced number of fibers per sheep as the num- 
ber of sheep is increased, in describing the breed fiber characteristics. 
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SUMMARY 


The diameters of samples of wool fiber from fleeces representing 
five breeds of sheep were measured in cross section and their contour 
ratios were calculated. Wide variations in diameter between sheep 
within a breed, and, in most instances, between breeds were found. 

Contour ratios were found, in general, to be higher than the ratio 
of 1:1.20 given by Barker for the ideal fiber. With the exception of the 
crossbred, in approximately half of the cases fiber contour was found 
to increase positively as fiber diameter of the various portions of a 
single fleece increased. Within a breed the lowest contour ratios were 
not necessarily found for those fleeces having the smallest diameters. 
In three of the breeds a majority of the fleeces showed increasing 
standard deviation as the contour increased. In the other two breeds, 
no relationships were found. 

x? tests for homogeneity of fleeces within a breed showed that when 
200 fibers were measured per fleece it could be demonstrated that in 
all instances heterogeneous groups of sheep composed the samples 
used to represent the breeds. 

In the analyses of variance for the diameter and contour measure- 
ments of sheep within breeds, F was found to be highly significant at 
the 1-percent point in all instances but one. Because of the variation 
in mean square values for error, it was not possible to report a single 
value for the breed, with the possible exception of the Shropshire 
breed. 


Calculations of the number of fibers necessary to measure to secure 


the same error for the breed were made, using the shoulder measure- 
ments of the crossbred as an example. It was found that the fibers 
necessary would decrease rapidly if the number of sheep were in- 
creased. 
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EFFECTS OF LOW TOPPING AND DIASTATIC MALT EX- 
TRACT ON COMPOSITION AND QUALITY OF SORGO 
SIRUP ' 


By C. F. Watron, JR., senior chemist, E. K. Ventre, chemist, and 8S. Byatt, 
associate chemist, Carbohydrate Research Division, Bureau of Agricultural Chem- 
istry and Engineering, United States Department of Agriculture 2 


INTRODUCTION 


The present lack of uniformity in the quality of sorgo sirup may be 
attributed to (1) the characteristic differences in composition of juice 
from different varieties and from different parts of the stalk, (2) the 
effect of soils and fertilizers, (3) the influence of maturity and seasonal 
conditions, and (4) the kind of equipment, procedure, and skill em- 
ployed in making the sirup. Some of these factors have previously 
been studied, special attention having been given to the variable 
composition of different parts of the sorgo stalk at several stages of 
maturity * and the relationships between the content of starch, sucrose, 
and reducing sugar and the jellying and crystallizing characteristics of 
the sirups.* Since the authors have reviewed the work of other 
investigators in earlier publications on this subject, there is no need 
for a detailed discussion of the literature here. 

Briefly, it has been found that sirups made from the upper part of 
the sorgo stalk usually contain a greater percentage of starch, sucrose, 
mineral matter, and acidity, in proportion to dissolved solids, than 
do those made from the rest of the stalk. Results reported previously 
also show that the composition of the stalk varies considerably at 
different stages of maturity, the dough-to-ripe stage being considered 
best for sirup making. It has been found that starch is principally 
responsible for difficult filtration of the juice and for slow boiling, 
scorching, and jellying of the sirup. It has also been found that both 
sucrose and dextrose crystallization occur in sirups produced from 
different parts of the stalk of several varieties of sorgo at different 
stages of maturity. 


DEVELOPMENT OF MALT-EXTRACT METHOD 


Investigations of malt extracts and other commercial preparations 
containing starch-hydrolyzing enzymes were made in 1932 for the 
purpose of ascertaining what types of products of high starch-convert- 
ing activity were available commercially at low prices. In the fall 
of that year, a practicable farm-scale method was developed for using 
malt extract of high diastatie activity on cold sorgo juice freshly 
expressed from the mill. 


1 Received for publication Mar. 6, 1940. 

? The authors gratefully acknowledge the cooperation of Martin Nelson and C. K. McClelland, of the 
Agronomy Department, University of Arkansas, and also that of the late J. R. Ricks, director, and the 
late W. R. Perkins, assistant director, of the Mississippi Agricultural Experiment Station, in supplying 
working facilities and in —— with the agronomic work of this investigation. 

8 VENTRE, Emi K., and BYALL, 8. DISTRIBUTION AND VARIATION WITH MATURITY OF DISSOLVED SOLIDS, 
SUCROSE, AND TITRATABLE ACIDITY IN THE SORGO STALK. Jour. Agr. Res. 55: 553-562. 1937. 

‘4 BYALt, S., and Watton, C. F., JR. JELLYING AND CRYSTALLIZATION OF SIRUPS MADE FROM 
arenas PARTS OF THE SORGO STALK AT DIFFERENT STAGES OF MATURITY. Jour. Agr. Res. 59:139-150. 


5 UNITED STATES BUREAU OF CHEMISTRY AND SOILS. SORGHUM SIRUP. HOW _TO PREVENT JELLYING 
AND SLOW ROILING, AND HOW TO PREVENT SUGARING. U. S. Bur. Chem. and Soils Cir., 4 pp. 1933. 
{Mimeographed.] 
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During the season of 1934, in cooperation with the Arkansas 
Agricultural Experiment Station, the use of high-diastatic malt 
extract on sorgo juice was compared with its use on the semisirup. 
A severe drought during the growing season of 1934 adversely affected 
both the yield and the quality of all sorgo on the experimental plots 
The juices from all varieties contained such a high percentage of 
starch that the sirups invariabiy scorched in the evaporator before 
final density was reached, except when malt-extract treatment was 
applied. Incidentally, on standing overnight many of the untreated 
sirups also clabbered or jellied. Scorching, however, rather than 
clabbering, was taken as the index of the efficacy of the starch- 
hydrolyzing treatment in the experimental work to ‘develop the best 
procedure, since scorching could be noted at once while the sirups 
were being made. The proportion of malt extract used and the 
density and temperature of the semisirup to which it was added were 
varied until it was found under what conditions scorching could 
always be avoided. Similar tests were conducted on the use of malt 
extract in the juice. Control tests, in which no malt extract was 
used, were made on aliquots of the juice from all varieties. The 
exceptionally favorable conditions under which these experiments 
were carried on, particularly the uniformly high starch content of 
the juices, led to the development of a satisfactory method of using 
high-diastatic malt extract that can be depended on to yield good 
results, even with sorgo of extremely high starch content. The 
methods of using malt extract on the juice and on the semisirup have 
been described recently. The semisirup method is preferred to the 
juice method. 

The objects of the present investigation were to compare the 
composition and quality of sirups made from the whole and from the 
topped stalks by a standard procedure with those of sirups made by 
the process in which high-diastatic malt extract was used, and to 
evaluate the benefits of the low-topping procedure in comparison and 
in conjunction with those obtained by the use of high-diastatic malt 
extract. 


MATERIALS AND METHODS 


The research was conducted in cooperation with the Mississippi 
Agricultural Experiment Station, eight varieties of sorgo grown by 
the station being utilized for this work. In general, each variety was 
harvested at two or three stages of maturity, and sirup was made from 
the whole stalks and from the topped stalks by a standard method, 
as a control, for comparison with sirups made by modifications of the 
standard procedure. In collecting the topped-stalk samples of sorgo, 
from two to four of the upper joints below the peduncle, depending 
on the length of the stalk, were discarded. 

The equipment and procedure designated as standard have been 
described in a previous publication.’ In producing sirups by the 
standard method the juice was allowed to settle for 2 hours and was 
then decanted and boiled, with continuous skimming, to the density 
of finished sirup. The second series oi samples was made by the same 
procedure, except that evaporation was discontinued when the density 


® Watton, C. F., JR., VENTRE, E. K., and BYALL, S. FARM PRODUCTION OF SORGO sIRUP. U.S. Dept. 
Agr. Farmers’ Bul. 1791, 40 pp., illus. 1938, 


7 Watton, C. F. JR., and VENTRE, E. K. EVAPORATOR FOR RESEARCH ON SIRUP MANUFACTURE. Inter- 
natl. Sugar Jour. 39: 430-431. 1937. 
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reached 20° Baumé, measured at close to the boiling temperature, and 
the semisirup was allowed to settle overnight, after which it was 
returned to the evaporator and evaporated to final density, with the 
usual careful skimming. In making the third series of samples, the 
high-diastatic malt-extract method previously developed for treating 
the semisirup was used. 

Duplicate samples of the finished sirup were filled when hot, direct 
from the evaporator, into 4-ounce screw-top bottles. Soon after the 
end of the sirup-making season they were analyzed for density, 
sucrose, invert sugar, ash, and starch. After standing for over a 
year, they were examined also for flavor, color, turbidity, clabbering 
or jellying, and crystallization. 


RESULTS 


The analytical data and observations regarding the quality of the 
sirups are given in table 1. The percentages of the components 
mentioned are all expressed as percentages of the weight of solids 
determined at sirup density by refractometer. 


TaBLE 1.—Effect of topping and method of manufacture on the quality of sirups 
made from different varieties of sorgo at different stages of maturity 


SILVER TOP (DOUGH-TO-RIPE) 





| oy ; 
| Composition of the sirup solids ! 


Part of stalk | Method of making | Reducing| 
used for sirup | sirup sugars | | | 
Sucrose} expressed! Ash | Starch 

as invert | 

sugar | | 


Observations 








| 
| | Percent| ~~ t | Percent | | Percent 
Tops | Standard......________..|" 61.43 | 28| 1.57 | Jellied. 
aaa i 52. 70 | rn 8 a ae Very cloudy. 
hale " |}Semisirup settled ___. 46. 45.97 | 2.30 | - 90 | 0. 
Whole stalk..... Malt extract used on | 49.72 | 5. 0¢ 2. 23 .38 | No jellying and settled 
semisirup. | clear. 
Standard __ ---| 57.15] 3815] 210] 1.02] Very cloudy. 
Semisirup ‘settled_- at ae 39. 96 | .77 ‘Do. 
Malt extract used on 7. 28 38. 14 | r Settled clear, with 
semisirup. | | | | jellying. 


Topped stalk - .- 








SILVER TOP (OVERRIPE) 








Semisirup settled i 60. 08 35.01 . 96 1, 38 


rae 0. 
Whole stalk.---l)yfalt extract used on | 58.01 37. 59 .83 .34 | Settled clear, with 


ie — 67. 46 31.75 - 90 1.00 | Very cloudy. 

| semisirup. jellying. 

| (Standard _.| 54.07} 40.02 .76 | 1.11 | Very cloudy. 
\}Semisirup settled. ._. | 55.15 | 38.61 | .85| 1.24) Do. 

Malt extract used on | 54.11 | 41.73 . 68 .23 | Settled fairly clear, with 


semisirup. no jellying. 


Topped stalk_- 





RED X (DOUGH-TO-RIPE) 





] | 

| Standard. Pen ee | 26. 94 . 6 Jellied. 
a ee Fe 23. 16 | 3.1! ‘ Do. 

|| Semisirup settled __._- -| 69.26 | 22. 44 | | 3. . 8 Do. 

\)Malt extract used on | 66.32 | 25. 25 } No jellying, and settled 
semisirup. | fairly clear. 


Semisirup settled | 70.00 | 23.93 | . 84 | : Do. 
Malt extract used on 
semisirup. | | fairly clear. 


Topped stalk___ 


| | 
.— ras | 68. 54 22. 80 | . 83 | | Jellied. 


26. 11 | . 67 | | No jellying, and settled 





' Solids determined by refractometer. 
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TaBLE 1.—Effect of topping and method of manufacture on the quality of sirups 
made from different varieties of sorgo at different stages of maturity—Continued 


LEOTI RED (DOUGH-TO-RIPE) 


Composition of the sirup solids 





Part of stalk | Method of making | Reducing | eR a 
used for sirup | sirup sugars | Observations 


‘ein expressed | Ash | Starch | 
| | as invert | 

| sugar | 
| 

| 

| 








| | Percent) Percent | Percent | Percent | ’ 
| Standard : 64.75 | 22.30 | 3.91 | 2.84 | Jellied. 
_..do | 49.12 | 40.78 | 2.56) 2.15 | Do. 
Thala _  |}Semisirup settled....__.-| 44.85 49.57 | 2.57 1.30 Do. 
Whole stalk. | Malt extract used on 4 47. 20 | 44.00} 2.31 .29 | No jellying. 
| semisirup. | | | | 
Standard ___-- 42, 23 48. 26 2.04 | 1.40 | Jellied. 
Topped stalk. __| Malt extract used on | 47,22 44, 82 1,97 -.38 | No jellying. 
|| semisirup, 





ICEBERG (RIPE) 





Standard | . 06 30. 05 . 95 .25 | Much fine grain (sucrose 
crystallization due to 
. 7 1 | extra high density). 
Whole stalk ---- |) Semisirup settled_ | . 63 | 30. 14 yf .08 | Cloudy. / 
\|Malt extract used on | 64.20 | 32. 19 . 66 . 38 | No jellying; no sugaring; 
\{_ semisirup. settled clear. 
| (Standard | 53.73 | 42.51 | 75 .65 | Cloudy. 
|}Semisirup settled 5 42.15 | ; 8 Do. 
Topped stalk. Malt extract used on 51, 44.85 | : a No jellying; no sugaring; 
semisirup. | settled clear. 
| | 


ICEBERG (OVI ERRIPE) 








Standard 72. 30 21. 46 . 22 | : Jellied solid, with 2 lerge 
sucrose crystals on top. 

No jellying; settled clear; 
rock-candy crystalliza- 
tion. 

[Standard we 62. 09 . 28 . 2 .66 | Jellied solid. 

Malt extract used on | 62.80 33. 7% § . 26 | No jellying; settled clear. 

| semisirup. 


Whole stalk...../{ Malt extract used on | 69.22 
semisirup. 


Topped stalk. -- 


KANSAS ORANGE (Dou GH-TO- -RIPE) 





j | 7 
Tops... | Standard 53. 28 34.16 | 4.28| 1.98 | Jellied. 
do | . | - gee! tas 
Whole stalk Semisirup settled eee 3. 47 | 51.08 2.39 | 1.02 | Started to jelly. 
~|)Malt extract used on 97 | 51. 44 | 2.29 | 36 | No jellying; no sugaring; 
semisirup. | | _ very clear. 
| (Standard. .24| 24.68 | 2.17 | 1.49 | Jellied, with sucrose crys- 
| tallization. 
\)Malt extract used on | 65. 23 | 28. 64 2.19 .58 | No jellying; very clear; 
semisirup. | | | sucrosé crystallization. 


Topped stalk- -- 





JAPANESE SEEDED RIBBON (RIPE) 





Standard 28.46) 66.69) 2.09] 0.56 | Cloudy. 
. ‘ |}Semisirup settled 25. 66 | 68. 57 2.08 . 5 Do. 
Whole stalk |)Malt extract used on | 23.98| 69.60} 2.08| .23 | Clear. 
semisirup. | } | 
|(Standard_- ’ 15.31 | , 2 1. 86 “fl Cloudy. 
r elt Semisirup settled __- 18. 65 | 98 | a 35 | Do 
Topped stalk. ...| |)Malt extract used on | 17.84 | ; -91 |  .24 | Clear and dextrose erys- 
|\{ semisirup, | tallization. 
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TasLE 1.—Effect of topping and method of manufacture on the quality of sirups 
made from different varieties of sorgo at different stages of maturity—Continued 


JAPANESE SEEDED RIBBON (DEAD RIPE) 


Part of stalk 
used for sirup 





Method of making 
sirup 


Composition of the sirup solids 





| Reducing| 

| sugars | 
Sucrose} expressed| 
as invert 

sugar | 

| 


Observations 


| 
Ash | Starch 
| 





Tops. 


Whole stalk 


Topped stalk. - -| 


Malt. extract used on 
semisirup. 

Standard 

Semisirup settled____-- 

|)Malt extract used on 


{| semisirup. 





sie | 


| 
ee 
43. 69 | 00 | 
8 49 


Percent | 
3. 50 | 
1, 
1.8 


| Percent 
1.02 
1,02 

. 32 


4 | 

| 

be ae 
| 45] 
9 | 

| 


Opaque and greenish. 
Cloudy. 
Settled clear. 


39.81 | 
40. 76 | 





re | 
53. 62 


64.05 
71. 51 
75. 34 


24. 89 | 
25. 16 | 
20. 31 


1,55 
p 





<7 | 





GOOSENECK (RIPE) 





Whole stalk. 


Topped stalk - - 


| (Standard 
Semisirup settled 


4 


Malt extract used on. 


semisirup. 

Standard. ___- 

Malt extract used on 
semisirup. 


51.03 
51. 76 
51. 96 


41, 32 
40. 73 
42. 34 | 


52.01 | 
52. 58 | 


Opaque and very viscous. 
D 


0. 
| Settled clear and low vis- 
cosity. 
Opaque and viscous. 
| Settled clear and 
viscosity. 


40. 99 


| 42. 69 low 


| 
| | 
| | 





Goo 


SENECK (OVERRIPE) 





Whole stalk 


Topped stalk __ 


Standard 


Malt extract used on | 


semisirup. 

Standard ‘ 

Malt extract used on 
semisirup. 


i 


HODO (GREEN) 


Jellied. 
Settled clear and low vis- 
cosity. 
| Opaque and viscous. 
Settled clear and low vis- 
cosity. 








Whole stalk 


Topped stalk_._ 


\(Standard___. 
Semisirup settled ____ 
Malt extract used on 
semisirup 

Standard. 

Semisirup settled 

Malt extract used on 
semisirup 





69. 18 | 
67. 35 | 
69. 03 


2. 53 
2. 49 
2. 49 


(1) 
(1) 
(1) 
(1) 
@) 
(1) 


Slightly cloudy. 
0. 
Clear. 


64. 53 


| 
| 2. 46 
64.79 | 


2. 46 
2. 40 | 


Slightly cloudy. 
Do. 





| Clear. 











e | ; 
Whole stalk....-|) Malt extract used on 


Topped stalk... 


|(Standard___- 
Semisirup settled 


\{_ semisirup 
|(Standard____- 
Semisirup settled 


Malt extract used on | 


semisirup 


46, 42 | 
47.98 | 
47.98 | 


Cloudy. 
Slightly cloudy. 
Clear. 


5 | Slightly cloudy. 


0. 
Clear. 
| 








Topped stalk. __ 


ea 


Seutaivan settled _ 

Malt extract used on 
semisirup 

Standard 

Semisirup settled 

Malt extract used on 
semisirup 





Very cloudy. 
loudy. 


| Do. 
Settled clear. 


Cloudy 
Slightly cloudy. 








1 Negative, 





Journal of Agricultural Research Vol 60, No.6 





DISCUSSION 


Some of the samples exhibited sucrose crystallization when the 
sucrose content was approximately 65 percent, or higher, and the 
density was higher than 78° Brix, while one with high invert sugar 
content showed dextrose crystallization. As the sirup samples varied 
somewhat in density, however, little attention was given to crystal- 
lization, either as a varietal characteristic or as related to the com- 
position of the sirups. 

Most of the sirups with a starch content of 1.25 percent or higher 
jellied or became extremely viscous, whereas those made by the use 
of high-diastatic malt extract had a starch content considerably under 
1.0 percent, in many cases only about 0.25 percent, and did not jelly. 

The ash content of the samples varied considerably with the variety 
but it was usually higher in sirups made from the top portion of the 
stalk. As a rule, sirup from the tops likewise’ contained a greater 
proportion of starch. 

In making sirups with juice from the tops alone, it was observed 
that scorching usually occurred before evaporation to the standard 
density of sirup was completed. This is characteristic of juices of 
high starch content, and accounts for the dark color and strong flavor 
of some sirups. 

Whenever diastatic malt extract was used in proper amount, the 
resulting sirup possessed greatly improved clarity, in comparison 
with the corresponding untreated sample, and also deposited its 
sediment more rapidly. The relatively high starch content of some 
sirups doubtless acts as a stabilizer, holding other nonsugars in sus- 
pension and giving a more turbid product. 


SUMMARY AND CONCLUSIONS 


Sirups made by a standard procedure from the whole stalks and 
from the topped stalks of eight varieties of sorgo were compared with 
sirups made by modifications of this procedure, special attention being 
given to the use of starch-hydrolyzing enzymes. 

The topped stalks consistently produced sirup of better quality than 
the whole stalks, which, in turn, gave better sirup than did the tops 
alone. 

Relatively little improvement in quality resulted from simply 
allowing the semisirup to settle, without malt-extract treatment, 
before completing the evaporation. 

All sirups produced by the process in which high-diastatic malt 
extract was used were of better color, flavor, and clarity than the 
sirups made from corresponding parts of the stalk by the standard 
procedure. 

The results show that sirups of the highest quality are produced by 
using starch-hydrolyzing enzymes to ‘supplement reasonably good 
topping practice. 
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